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injury ® Practice-Based Learning and Improvement 
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EDITOR’S PREFACE 


A Series of Necessary 
Oversimplifications 


So how can we diagnose and treat disorders of an 
organ system too hopelessly arcane for us to 
(currently) comprehend? Well, it’s complicated. 
Neuroanatomy, neurophysiology, and the clinical 
practice of neurology derived from these disciplines 
require a series of cognitive compromises: 
simplifications that allow us to understand and act 
without getting lost in the minutiae of the nervous 
system. Otherwise, we would be perpetually trapped 
in the Byzantium between our ears. 

This complexity has certainly contributed to the 
breadth and diversity of subspecialization in 
neurology. There are more than 30 formal 
fellowships neurology graduates can pursue. Which 
brings us to the topic of this issue, spinal cord 
disorders. There are many epileptologists, 
neuroimmunologists, and peripheral neuropathists. 
Where are all the myelopathists? 

Although not as anatomically complex as the 
brain, disorders of the spinal cord are common and 
frequently disabling, and affected patients are 
underserved by most health care systems. An expert 
in spinal cord disease, our guest editor Dr Shamik 
Bhattacharyya has put together a comprehensive 
Continuum issue to shed light on this relatively 
overlooked corner of the neurology labyrinth. The 
issue begins with a novel and thorough discussion of 
the diagnostic approach to myelopathy by Dr Carlos 
A. Pardo. In their respective articles, Drs Saef Izzy 
and Ligia V. Onofrei outline the diagnosis and 
management of highly prevalent traumatic cord 
injuries and structural myelopathies. Dr J. Ricardo 


The human brain is the most complex physical structure in the 
known universe. I know this because an exhaustive, 3-minute 
Google search did not reveal a viable alternative. Maybe the best 
evidence that our brains are the most complicated thing around is 
that no one really argues the point. 


McFaline-Figueroa reviews the collectively 
uncommon (but critical to recognize) neoplastic 
myelopathies. Dr Kara Stavros discusses everything 
neurologists need to know about genetically 
mediated myelopathies, and Dr Anita M. Fletcher 
and Dr Bhattacharyya give a thorough update on 
infectious myelopathies. Ischemic and hemorrhagic 
spinal cord disorders are discussed by Dr Ashutosh P. 
Jadhav, and Dr Michael Levy reviews the expanding 
group of immune-mediated myelopathies. The 
disorders of deficiency and excess that can lead to 
spinal cord complications are outlined by Drs 
Kathryn B. Holroyd and Aaron L. Berkowitz. 
Neurologists should be familiar with the portfolio of 
tools available for the symptomatic management of 
myelopathy, comprehensively discussed by Dr Kathy 
Chuang in her article, which rounds out the 

clinical reviews. 

After reading this issue, subscribers can obtain 
up to 20 AMA PRA Category 1 Credits™ toward 
self-assessment CME or, for Canadian participants, a 
maximum of 20 hours toward the Self-Assessment 
Program [Section 3] of the Maintenance of 
Certification Program of the Royal College of 
Physicians and Surgeons of Canada with our posttest, 
written for the print issue by Drs Douglas J. Gelb and 
Allison L. Weathers. 

In this issue’s Selected Topics in Neurology 
Practice article, our Continuum editorial leadership 
team describes the many recent and forthcoming 
changes for our favorite journal. Among these is the 
relaunch of Continuum Audio with this issue, now as 
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a freely available podcast on all major platforms, 
including Apple and Spotify. CME for review 
interviews will be available to American Academy of 
Neurology (AAN) members at continpub.com/ 
AudioCME, and prior interviews will remain posted 
at the article level on ContinuumJournal.com, on the 
Continuum Audio online platform, and the mobile 
app, with separate self-assessment CME credits 
available. Continuum subscribers will have access to 
exclusive interviews not found on the podcast and 


How can we diagnose and treat 
disorders of an organ system too 
hopelessly arcane for us to 
(currently) comprehend? Well, it’s 
complicated. 


CONTINUUMJOURNAL.COM 


CME accompanying those interviews. Verbatim 
audio recordings of each article will remain available 
to subscribers only through our rebranded 
Continuum Aloud program, found at the article level 
at ContinuumJournal.com and in the AAN’s Online 
Learning Center at continpub.com/Audio. We hope 
you'll listen to the open and refreshed format of 
Continuum Audio; please follow the show and rate us. 

The complexity of the nervous system should be 
part of the appeal of neurology, not an 
insurmountable barrier, and conveying the 
approachability of our field is a key part of our work 
at Continuum. As a final note in that spirit, which our 
print readers will already have noticed, we are 
thrilled to welcome back Peter Grundy as our 
Continuum cover artist. Mr Grundy’s distinct visual 
style clarifies complicated concepts as only art can. 
We hope you enjoy this issue of Continuum and all 
the changes to come. 


—LYELL K. JONES JR, MD, FAAN 
EDITOR-IN-CHIEF 
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Clinical Approach to 
Myelopathy Diagnosis 


By Carlos A. Pardo, MD 


ABSTRACT 

OBJECTIVE: This article describes an integrative strategy to evaluate patients 
with suspected myelopathy, provides advice on diagnostic approach, and 
outlines the framework for the etiologic diagnosis of myelopathies. 


LATEST DEVELOPMENTS: Advances in diagnostic neuroimaging techniques of 
the spinal cord and improved understanding of the immune pathogenic 
mechanisms associated with spinal cord disorders have expanded the 
knowledge of inflammatory and noninflammatory myelopathies. The 
discovery of biomarkers of disease, such as anti-aquaporin 4 and 
anti-myelin oligodendrocyte glycoprotein antibodies involved in myelitis 
and other immune-related mechanisms, the emergence and identification 
of infectious disorders that target the spinal cord, and better recognition 
of myelopathies associated with vascular pathologies have expanded our 
knowledge about the broad clinical spectrum of myelopathies. 


ESSENTIAL POINTS: Myelopathies include a group of inflammatory and 
noninflammatory disorders of the spinal cord that exhibit a wide variety of 
motor, sensory, gait, and sensory disturbances and produce major 
neurologic disability. Both inflammatory and noninflammatory 
myelopathies comprise a broad spectrum of pathophysiologic mechanisms 
and etiologic factors that lead to specific clinical features and 
presentations. Knowledge of the clinical variety of myelopathies and 
understanding of strategies for the precise diagnosis, identification of 
etiologic factors, and implementation of therapies can help improve 
outcomes. 


INTRODUCTION 
dvances in diagnostic neuroimaging techniques and novel findings 
in the immunology of spinal cord disorders during the first two 
decades of the 21st century have expanded knowledge about the 
pathophysiology and spectrum of diagnoses of inflammatory and 
noninflammatory myelopathies. The discovery of 
antibody-mediated mechanisms as pathogenic factors in disorders of the spinal 
cord, such as neuromyelitis optica (NMO)* and myelin oligodendrocyte 
glycoprotein (MOG)-associated disorders,” epitomized a significant revolution 
in the understanding of inflammatory myelopathies or myelitis.”* Furthermore, 
improvements in neuroimaging techniques such as MRI and angiographic studies 
of the spinal cord have contributed to a better characterization of the disease 
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process in noninflammatory myelopathies such as vascular pathologies 
associated with acute strokes of the spinal cord and chronic evolving vascular 
malformations such as dural arteriovenous fistulas (AVFs) and arteriovenous 
malformations (AVMs) .2* The recent outbreaks of viral disorders such as 
enterovirus D68, flavivirus infections such as West Nile virus (WNV) and Zika 
virus, and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) have 
highlighted the susceptibility of the spinal cord to disease processes leading to 
myelitis and myelopathies.** Expanding the diagnostic spectrum of 
inflammatory and noninflammatory myelopathies underlies the need to establish 
precise etiologic diagnosis and treatment approaches. The escalating use of 
precision medicine methods, neuroimaging techniques, and immunologic 
biomarkers has contributed to better evaluation of patients with spinal cord 
disorders, and the spectrum of etiologies associated with myelopathies is 
expanding rapidly.” * Furthermore, the clinician needs to adopt strategies for the 
diagnosis, identification of etiologic factors, and implementation of therapies and 
management approaches to improve clinical outcomes. 


THE CONCEPTS OF MYELOPATHY AND MYELITIS 

A critical element in the clinical symptomatology of spinal cord disorders is 
understanding the semantics and concepts of myelopathy and myelitis. The term 
myelopathy refers to any pathologic process that leads to spinal cord dysfunction. 
Etiologic factors associated with myelopathies are diverse and comprise two 
major groups of disorders: (1) inflammatory myelopathies, or myelitis, which are 
associated with inflammation as the primary pathogenic driver of spinal cord 
injury, and (2) pathologic processes of the spinal cord, which are not related to 
inflammation (FIGURE 1-1). Inflammatory myelopathies are disorders mediated 
by primary immune pathogenic mechanisms that involve antibodies that target 
neural antigens, T-cell and B-cell infiltration, monocyte activation, and 
neuroglial responses in gray and white matter regions of the spinal cord, which 
lead to tissue damage and dysfunction (myelitis). Inflammatory myelopathies 
may be triggered by autoimmune factors, demyelinating disease, paraneoplastic 
disorders, or infectious and postinfectious mechanisms leading to spinal cord 
inflammation and subsequent tissue injury.” For this review and clinical 
diagnosis, the terms myelitis and inflammatory myelopathy are interchangeable. 
Noninflammatory myelopathies comprise a broad group of etiologies in which 
the primary pathogenic process is not associated with inflammation but rather 
with other factors that produce tissue damage, such as ischemia in acute and 
chronic vascular pathologies, metabolic disturbances, or spine structural 
abnormalities that lead to spinal cord compression and secondary 
dysfunction.” * Other pathogenic factors may include trauma or neoplastic, 
toxic, and genetic disorders not discussed in this review. 

The etiologic diagnosis of myelopathies based on categorizing disease 
mechanisms and etiologies, such as inflammatory and noninflammatory 
myelopathies, should supersede the transverse myelitis diagnosis widely used in 
the past several decades. Transverse myelitis, which broadly refers to spinal cord 
disorders associated with inflammation, is now obsolete because the discovery of 
the immunologic mechanisms related to specific autoimmune myelitis such as 
antibodies against glial and neural antigens (eg, anti-aquaporin 4 and anti-MOG 
antibodies in NMO and MOG-associated disorders, respectively) ,'*"? better 
criteria for diagnosis of demyelinating disorders such as multiple sclerosis, and 
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FIGURE 1-1 

The diagnostic spectrum of myelopathies comprises a broad group of clinical conditions 
associated with diverse pathogenic mechanisms categorized as inflammatory and 
noninflammatory. 

AFM = acute flaccid myelitis; AVM = arteriovenous malformation; dAVF = dural arteriovenous fistula; 
MOG = myelin oligodendrocyte glycoprotein; NMO = neuromyelitis optica. 


the use of high-resolution MRI techniques facilitate a more accurate etiologic 
diagnosis." Furthermore, the diagnosis of transverse myelitis has been a source 
of misdiagnosis and mismanagement of noninflammatory myelopathies, strokes 
of the spinal cord, spondylotic myelopathies, or myelopathies associated with 
vitamin B,, deficiency, which are frequently diagnosed as transverse myelitis™ 
and subsequently mistreated with immune-based therapies including 
immunosuppressive medications. 


The Diagnostic Spectrum of Myelopathies 

There are no reliable data about the epidemiology of myelopathies based on 
etiologic factors. Attempts to identify the spectrum of myelopathic syndromes 
related to etiologies using the initial transverse myelitis diagnosis have exposed a 
broad range of myelopathies.? “ In an extensive study of 1193 patients diagnosed 
with transverse myelitis, 65% of cases were associated with inflammatory 
myelopathies, whereas 35% were related to noninflammatory pathologies 
(FIGURE 1-2). Based on this categorization, after structural causes are excluded, 
immune-mediated mechanisms appear to cause myelopathy frequently. Their 
causes comprise a broad group of disorders that include autoimmune-associated 
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Overview of the spectrum of myelopathies initially diagnosed as transverse myelitis, 
indicating the final etiologic diagnosis based on a single-center cohort of 1193 patients. 
AVF = arteriovenous fistula; AVM = arteriovenous malformation; CIS = clinically isolated syndrome; 
MS = multiple sclerosis; NMOSD = neuromyelitis optica spectrum disorder. 

Reprinted from Murphy OC et al, J Neurol Sci." © 2022 The Authors. Published by Elsevier B.V. 


myelopathies (eg, NMO, MOG-associated disorders, and myelopathies in 
rheumatologic conditions), demyelinating myelopathies (eg, clinically isolated 
demyelinating syndromes of the spinal cord), infectious and postinfectious 
myelopathies, and sarcoidosis-associated myelopathies. Even with this 
categorization, there is still a small group of inflammatory myelopathies 
designated as idiopathic transverse myelitis that has no apparent etiologic factors or 
association with specific autoimmune or rheumatologic disorders. 

Noninflammatory myelopathies comprise diverse etiologies, including 
vascular, structural, and metabolic myelopathies.“* These may present with 
spinal cord dysfunction symptoms similar to those in inflammatory 
myelopathies but with pathogenic factors unrelated to inflammation as the 
primary driver of dysfunction. Acute vascular myelopathies include spinal cord 
strokes, whereas chronic vascular myelopathies comprise those spinal cord 
disorders associated with dural AVF or AVM.” Structural myelopathies are those 
associated with nontraumatic spinal cord disease, spondylotic changes of the 
spine leading to cord compression (spondylotic myelopathy), or compression 
of the cord produced by metastatic disease or infectious disorders of the spine 
(eg, Pott disease in tuberculosis or epidural abscess) among others.“ Metabolic 
myelopathies are those triggered by vitamin and nutritional deficiencies or toxic 
effects leading to metabolic or toxic disturbances.”? 


CLINICAL APPROACH TO THE PATIENT WITH MYELOPATHY 
Diagnosing myelopathies entails comprehensive clinical history taking and 
neurologic examination combined with laboratory analysis of blood and CSF and 
neuroimaging techniques. The information and elements derived from such an 
approach combined with other diagnostic features, such as demographic and 
health determinants, epidemiologic factors, and comorbidities, should be 
integrated into the diagnostic equation to achieve a precise etiologic assessment 
and diagnosis of myelopathy. The clinical approach in patients with 
myelopathy should follow the same approach as many neurologic consultations. 
Specifically, the clinician taking care of the patient with suspected myelopathy 
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should focus on a comprehensive clinical history that allows the recognition of 
symptoms associated with spinal cord dysfunction, their temporal profiles, the 
magnitude of neurologic dysfunction, topography and distribution, and most 
importantly, the potential triggering factors associated with the onset of 
myelopathic symptoms. The findings and hypotheses generated by the initial 
narrative of the history should be validated by a detailed physical and 
neurologic examination to determine a clinical diagnosis and subsequent 
diagnostic tests including blood and CSF analyses and neuroimaging studies 
(FIGURE 1-3). 


Clinical History 

Recognizing symptoms associated with spinal cord disorders is the first step 
in the comprehensive approach to myelopathies. Typical presentations of 
myelopathy include a combination of motor, sensory, and autonomic 
dysfunction symptoms that may include weakness, numbness, tingling, 
dysesthesias such as perception of the chest or abdominal “banding” sensation 
(abdominal tightness or the “multiple sclerosis hug”), or electrical pain and 
tingling elicited by neck flexion (Lhermitte sign), which along with gait 
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The strategic approach for establishing a precise etiologic diagnosis of myelopathies 
includes a comprehensive clinical history and neurologic examination combined 

with laboratory analysis of blood and CSF and neuroimaging techniques. 

ACL = anticardiolipin; ANA = antinuclear antibodies; ANCA = antineutrophil cytoplasmic autoantibody; 
AQP4 = aquaporin 4; CNS = central nervous system; FDG-PET = fludeoxyglucose positron emission 
tomography; HIV = human immunodeficiency virus; HSV = herpes simplex virus; HTLV-I = human T-cell 
lymphotropic virus type 1; IgG = immunoglobulin G; IgM = immunoglobulin M; MOG = myelin 
oligodendrocyte glycoprotein; PCR = polymerase chain reaction; PMH = past medical history; 
SSA/SSB = anti-Ro/Sjégren syndrome A and anti-La/Sjégren syndrome B; TB = tuberculosis; 


VZV = varicella-zoster virus; WNV = West Nile virus. 
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disturbances and bladder and bowel dysfunction symptoms are the most 
common manifestations. Detailed information about the distribution and pattern 
of weakness in both upper and lower extremities should identify the presence of 
flaccid or spastic muscle tone and symmetry or asymmetry of weakness 
distribution. Determining the patterns of sensory symptom distribution provides 
clues for the localization of lesions.*° The presence of radicular or peripheral 
nerve symptoms is essential to ascertain because they may suggest the 
pathogenic processes extend beyond the central nervous system (CNS) or spinal 
cord and produce radiculopathies or neuropathies, such as in inflammatory 
myeloradiculoneuritis, myeloradiculitis, and myeloneuropathies. When 
validated by neurologic examination, the lack of perception of pain, light touch, 
or temperature below specific dermatomal levels or the selective disturbance in 
the perception of vibration or proprioception represents an essential clue to 
localizing spinal cord lesions. Recognition of autonomic dysfunction, such as 
hemodynamic disturbances, including changes in blood pressure and heart rate 
and bladder and bowel dysfunction, are essential elements for characterizing the 
clinical profile. Occasionally, patients describe transitory recrudescence of 
symptoms caused by heat, fever, or exercise (Uhthoff sign). 

Although the presenting symptoms lack specificity for etiologic diagnosis, 
some may direct attention to specific myelopathies. For example, the Lhermitte 
sign is frequently associated with both inflammatory and noninflammatory 
cervical myelopathies; acute excruciating back pain at the onset of hyperacute 
weakness is strongly associated with acute vascular myelopathies, such as spinal 
cord strokes, relative to inflammatory myelopathies.*° Similarly, bladder and 
bowel dysfunction has been strongly associated with chronic vascular 
myelopathies (eg, dural AVF, AVM-associated myelopathies).*° Likewise, the 
selective involvement of vibratory sensation and proprioception in the absence 
of other signs of spinal cord dysfunction may suggest the presence of posterior 
tract involvement, frequently present in metabolic myelopathies such as those 
associated with vitamin B,, and copper deficiencies.*° 


Temporal Profile of Symptom Presentation 

Information about the temporal profile of symptom evolution from onset to 
nadir or recognition of relapsing-remitting features of presenting motor, sensory, 
or autonomic symptoms is beneficial for determining potential etiologic factors 
of myelopathies. A frequent classification of the temporal profile of symptom 
evolution includes categories such as hyperacute (<6 hours from onset to nadir), 
acute (6 to 48 hours), subacute (2 to 21 days), chronic evolving (>21 days), or 
relapsing-remitting profiles.*° Such temporal profile classification helps identify 
selected myelopathies (FIGURE 1-4). For example, hyperacute myelopathic 
syndromes are frequently related to acute vascular myelopathies secondary to 
spinal cord strokes at any presenting age. Acute temporal profiles are commonly 
observed in inflammatory myelopathies triggered by viral infections, such as 
acute flaccid myelitis associated with enterovirus D68 in children and some 
autoimmune inflammatory myelopathies. Autoimmune-associated and 
demyelinating myelopathies typically exhibit subacute temporal profiles. 
Myelopathies characterized by chronic progressive symptomatology include 
inflammatory disorders such as sarcoidosis-associated myelopathy and 
noninflammatory myelopathies such as chronic vascular myelopathies due to 
dural AVF, metabolic diseases such as subacute combined degeneration in 
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FIGURE 1-4 


Distribution of temporal profile of symptom evolution in patients with inflammatory and 
noninflammatory myelopathies. Histograms are presented demonstrating the temporal 
profile of symptom evolution of the different types of inflammatory myelopathies (A) and 
noninflammatory myelopathies (B). 

AVF = arteriovenous fistula; AVM = arteriovenous malformation; CIS = clinically isolated syndrome; 

MS = multiple sclerosis; NMOSD = neuromyelitis optica spectrum disorder. 

Reprinted from Murphy OC et al, J Neurol Sci.” © 2022 The Authors. Published by Elsevier B.V. 


vitamin B,, deficiency, or structural myelopathies such as spondylotic 
myelopathy. Myelopathies with relapsing-remitting temporal profiles are 
frequently associated with demyelinating myelopathies in multiple sclerosis and 
NMO spectrum disorder.*”*”** A predictive model for differentiation of myelitis 
versus vascular myelopathies found the temporal profile of symptom 
presentation to be the most important factor contributing to the correct 
classification of a given myelopathy.*© 


Triggering Factors of Myelopathy 

Identifying potential triggering factors or preceding symptoms that may help the 
identification of specific etiologies is essential when gathering the clinical history. 
In the case of inflammatory myelopathies, the presence of symptoms of systemic 
illness such as fever, night sweats, chills, upper respiratory infection, skin rashes, 
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or other symptoms along with epidemiologic information (eg, environmental 
risk factors, traveling to endemic areas of infectious disease, exposure to infected 
people, seasonal infection and virus circulation, potential contact with 
mosquitoes) may be of great value to identify specific mechanisms of myelitis. 
For example, in areas endemic for flavivirus (eg, WNV, Zika virus, dengue, 
Japanese encephalitis virus), fever, skin rash, and arthralgias may precede the 
onset of myelitis.°” During the season of enterovirus circulation, frequently in 
the summer and fall, outbreaks of acute flaccid myelitis may be observed 

in children.”*? 

In the case of acute vascular myelopathy, such as a spinal cord stroke, 
triggering factors may include intense exercising, weightlifting, extreme flexion, 
or hyperextension of the neck during exercise activities or neck and spine 
trauma.’©”** Similarly, worsening symptoms during and after active exercise or 
steroid treatment are frequently observed in chronic evolving vascular 
myelopathies such as those associated with dural AVF” as illustrated in CASE 1-1. 
The use of recreational drugs such as nitrous oxide (“whippets”), recent dental or 
anesthetic procedures with nitrous oxide, dietary protocols for weight loss, and 
the use of chelation agents, which include zinc, are important risk factors for the 
development of metabolic myelopathies associated with severe depletion of 
vitamin B,, and copper among other effects.”? A detailed medical history and the 
documentation of comorbidities such as rheumatologic disorders, 
immunodeficiencies, cancer, cancer treatments including immune checkpoint 
inhibitor treatments, vascular disease, metabolic disorders, nutritional and 
vitamin deficiencies, and recent infections or vaccinations may enable the 
identification of factors that contribute to the development of selected 
myelopathies. Similarly, a thorough epidemiologic history, including travel 
history to areas endemic for specific infectious disorders (eg, schistosomiasis, 
tuberculosis, Lyme disease, WNV, dengue, Zika virus), helps establish a 
relationship to potential etiologic factors. 


Neurologic Examination 

The diagnosis of myelopathy should include a comprehensive physical and 
neurologic examination to validate the symptoms and clinical profile obtained in 
the history. A detailed assessment of motor, sensory, reflex, and gait dysfunction 
will provide objective identification of neurologic dysfunction and localization 
and the extent of spinal cord dysfunction. The clinician should note the potential 
involvement of cranial nerves or cognitive dysfunction. These findings may 
suggest more extensive CNS involvement because they may occur in some 
myelopathies associated with hemispheric, brainstem, or cranial nerve 
involvement, such as in demyelinating, autoimmune, or metabolic disorders. 

A traditional localization approach should help the clinician determine the 
involvement of the specific spinal cord tracts, motor and sensory findings, 
bladder or bowel involvement, or autonomic disturbances.*° The presence of 
upper motor neuron signs (spasticity, hyperreflexia, clonus, extensor plantar 
responses) or lower motor neuron dysfunction (flaccid tone, areflexia) is of 
particular importance along with gait disturbances (spastic gait versus sensory 
ataxia). Identification of sensory abnormalities, selected dermatome versus 
multiple contiguous dermatomes, cauda equina syndrome, and specific spinal 
cord syndromes (eg, posterior cord, central cord, anterior cord, Brown-Séquard, 
and conus medullaris syndromes) may provide clues for anatomic localization of 
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A 68-year-old man was evaluated for neurologic symptoms characterized 
by numbness and tingling in both his lower extremities, progressive gait 
instability, and increased urinary frequency with occasional 
incontinence. The symptoms were noted for more than 6 months and 
appeared progressive. A neurologic examination demonstrated the 
presence of mild paraparesis, decreased perception of pinprick, 
temperature, proprioception, and vibration in both lower extremities 
down from his waistline. There was evidence of hyperreflexia in both 
patellar and Achilles reflexes and neutral plantar responses. His gait was 
wide based and unsteady. A spinal cord MRI demonstrated a 
longitudinally extensive T2 hyperintense lesion in the thoracic and lumbar 
spinal cord with subtle marginal contrast enhancement. The axial images 
showed expanded symmetric central cord signal abnormalities 

(FIGURE 1-5). CSF analysis showed no pleocytosis but an elevated protein 
concentration (75 mg/dL). There was no evidence of CSF oligoclonal 
bands, and a serum paraneoplastic antibody panel was negative. 
Antibody testing for rheumatologic disorders, anti-aquaporin 4 IgG, and 
myelin oligodendrocyte glycoprotein (MOG) IgG in the serum were 
negative. His chest and abdominal CT showed no abnormalities. The 
patient was treated with IV methylprednisolone for 5 days, and a tapering 
dose of oral prednisone was recommended. However, he reported 
worsening of his symptoms almost 3 days after initiating IV steroids. One 
month later, spinal cord MRI was repeated and showed similar 
abnormalities. CSF analysis was repeated and showed no pleocytosis, 
persistently elevated protein (70 mg/dL), and negative CSF 
paraneoplastic antibodies. A spinal angiogram was negative for dural 
arteriovenous fistula (AVF). A second-opinion neurologic consultation 
was pursued because the patient’s condition worsened. The new 
consultant recommended repeating the spinal angiogram. The second 
spinal angiogram showed the principal anterior radiculomedullary supply 
(artery of Adamkiewicz) at the left L1. A dural AVF supplied by the 
radicular branch of the right T9 intersegmental artery with prominent 
perimedullary venous plexus extended up to the conus. A communication 
between anterior and posterior spinal arteries at the same level 
prevented an endovascular intervention, and a surgical procedure was 
recommended. 


FEBRUARY 2024 


FIGURE 1-5 
Spinal cord MRI from the patient in case 1-1. A, Sagittal T2-weighted images of the 
thoracolumbar cord region show an intraaxial hyperintense signal abnormality that extends 
longitudinally to involve most of the thoracic and upper lumbar cord segments B, Sagittal 
gadolinium-contrasted T1-weighted image shows a subtle marginal cord enhancement (white 
arrowhead) that extends downward. C, D, Matched T2-weighted and contrasted 
T1-weighted axial images show the central cord T2 hyperintensity (C) and corresponding 
marginal and perilesional contrast enhancement likely reflecting venous congestion (D). The 
yellow arrows with a line in panels A and B indicate levels of the axial images represented in 
panels C and D. 


The presence of myelopathic symptoms in an older man, an abnormal non- 
contrast-enhancing longitudinally extensive lesion within the thoracic spinal 
cord, and increased CSF protein in the absence of pleocytosis are clinical 
biomarkers leading to suspicion of chronic evolving vascular abnormalities 
such as dural AVF. In this patient, investigating the presence of serum anti- 
aquaporin 4 antibodies is indicated because neuromyelitis optica may also 
present at an older age. Similarly, investigation of chest and abdominal CT 
scans is indicated to evaluate other causes of longitudinally extensive lesions 
such as sarcoid-associated myelopathy and paraneoplastic disorders. The 
paradoxical worsening of myelopathic symptoms after treatment with 
steroids is frequently observed in chronic evolving myelopathies associated 
with dural AVF. Initially negative spinal angiograms in assessing dural AVF are 
not infrequent, and repeating spinal angiography is indicated if the index of 
suspicion for dural AVF is high. Endovascular or surgical treatment of dural 
AVFs facilitate improvement of the hemodynamic abnormalities in the spinal 
cord leading to clinical stability or neurologic recovery and improvement of 
spinal cord MRI abnormalities. The anatomy and features of the dural AVF 
vascular supply determine the risk of endovascular procedures and 
consideration of surgical options instead, as in this case. 
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lesions.*° Examining hemodynamic parameters such as blood pressure and heart 
rate may help detect signs of dysautonomia and autonomic dysreflexia. In 
addition, a general physical examination should be performed and tailored to 
identify systemic illnesses or associated comorbidities that may contribute to the 
onset or development of myelopathy. 


LABORATORY APPROACH IN THE ASSESSMENT OF MYELOPATHY 
Following a comprehensive clinical history and neurologic examination, the 
clinician should formulate clinical diagnoses to be investigated and supported by 
additional laboratory testing, including blood and CSF analysis and diagnostic 
neuroimaging studies. Diagnostic studies should be tailored to assess for 
suspected etiologies and validate the clinical suspicion derived from the history 
and neurologic examination (FIGURE 1-3). Similarly, diagnostic imaging should 
be directed to evaluate for lesion topography, magnitude, and extension of 
pathology within the spinal cord (eg, spinal cord MRI), structural abnormalities 
in the spine (eg, CT of the spine), or vascular abnormalities of the blood supply to 
the spinal cord (CT angiography [CTA] or spinal angiography). 


Biomarkers in Autoimmune Inflammatory Myelopathies 

Blood and CSF laboratory studies are critical for establishing an accurate 
diagnosis of inflammatory myelopathy, not only for determining the role of 
inflammation as a pathogenic mechanism but also for providing a specific 
diagnosis in some types of myelitis. The discovery of specific pathogenic 
antibodies that target neural and glial antigens such as aquaporin 4, MOG, glial 
fibrillary acidic protein (GFAP), and other antigens linked to paraneoplastic 
disorders (eg, collapsin response mediator protein-5 [CRMP5])***’ can be used as 
biomarkers of disease and define the subgroup of myelitis associated with 
autoimmune neurologic disorders. Testing of these autoantibodies should be 
centered on serologic studies rather than CSF because such autoantibodies are 
less frequent in CSF samples. In addition, other serologic studies for identifying 
systemic rheumatologic disorders, such as Sjogren syndrome, systemic lupus 
erythematosus, and other overlapping rheumatologic diseases, help establish the 
association of such conditions with myelitis. 


CSF Analysis 
The standard assessment of CSF, which includes white blood cell count, protein 
and glucose concentrations, and the analysis of markers of neuroinflammation 
such as IgG index and oligoclonal bands, delivers valuable information in the 
evaluation of patients with myelopathy, particularly when myelitis is suspected 
and biomarkers such as pleocytosis and oligoclonal bands are present. The 
absence of inflammatory changes in the CSF may direct the clinician to consider 
noninflammatory etiologies when evaluating myelopathies.’°** However, the 
clinician should be mindful of the temporal stage of the myelopathy when the 
CSF is acquired for analysis because cellular, protein, and immune factors may 
fluctuate or be influenced by the stage and temporal profile of the myelopathy. 
The presence of CSF pleocytosis is a sensitive indicator of neuroinflammation. 
However, pleocytosis alone lacks the specificity to establish a diagnosis of 
inflammatory myelopathies because other noninflammatory spinal cord 
pathologies, such as acute or chronic vascular or even spondylotic myelopathies, 
may exhibit variable degrees of pleocytosis in the intermediate or late stages of 
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injury.*° Similarly, quantifying CSF protein offers a view of the magnitude of 
tissue damage, although it may be influenced by other factors such as pleocytosis 
or increased numbers of red blood cells. Patients in the acute stages of 
inflammatory myelopathies may exhibit variable degrees of CSF pleocytosis or 
increased protein concentration, which may decline after the pathogenic 
inflammatory process reaches a nadir or improves after treatment. CSF white 
blood cell counts and protein concentrations may be normal during the earlier or 
acute phase of noninflammatory myelopathies, such as vascular myelopathies, or 
during the first 48 hours after spinal cord stroke. In these settings, variable 
degrees of pleocytosis may appear in the intermediate and late stages of ischemic 
cord injury. Similarly, increased concentrations of CSF protein in both acute and 
chronic myelopathies reflect the magnitude of the ischemic injury and tissue 
damage within the cord. 

Although differential white blood cell profiles may be limited for the 
characterization of myelitis because they lack specificity, they may be valuable in 
some rare myelopathies. For example, eosinophilic pleocytosis can be observed 
in some parasitic infections such as schistosomiasis and cysticercosis, and it is a 
clue in the diagnosis of atopic myelitis, or idiopathic eosinophilic myelitis, a rare 
form of myelitis described in Japan.” Most autoimmune inflammatory 
myelopathies are associated with lymphocytic pleocytosis, although occasionally, 
neutrophilic pleocytosis can be seen in a subset of autoimmune myelopathies 
such as those associated with NMO, rheumatologic disorders such as Behçet 
disease, or granulomatous diseases such as sarcoid-associated myelopathy.* 

The detection of oligoclonal bands in CSF and serum by an isoelectric focusing 
(IEF) assay provides valuable information about the intrathecal production of 
immunoglobulins and serves as evidence for the presence of immunologic 
mechanisms in a broad spectrum of neuroinflammatory disorders (TABLE 1-1). 
Oligoclonal bands are not specific to demyelinating disorders because oligoclonal 
bands can be present in autoimmune, paraneoplastic, and infectious or 
postinfectious neurologic disorders. However, exclusive CSF oligoclonal bands 
(pattern 2) in patients with new-onset myelitis and a short lesion on spinal cord 
MRI are highly predictive of conversion to multiple sclerosis and support the 
diagnosis of demyelinating myelopathies.*? The simultaneous presence of 
oligoclonal bands in CSF and serum with additional CSF oligoclonal bands 
(pattern 3) or identical mirror oligoclonal bands in CSF and serum (pattern 4), 
which are patterns that reflect the simultaneous presence of intrathecal and 
systemic synthesis of immunoglobulins, can be observed in a subset of patients 
with myelitis in the setting of systemic autoimmune or rheumatologic 
disorders or infection-associated myelitis, although the presence and 
frequency of such patterns is variable. Notably, the presence of oligoclonal 
bands in CSF is not correlated with the occurrence of specific pathogenic 
antibodies (eg, anti-aquaporin 4 or anti-MOG) or specific inflammatory 
disorders.?° 


Biomarkers of Infection-associated Myelitis 

The search for infection should be tailored to identify suspected infections based 
on the patient's clinical profile and epidemiologic and medical risk factors. 
Laboratory assessment should focus on detecting infective agents (eg, 
polymerase chain reaction [PCR], culture, or direct visualization) or the immune 
responses to those suspected agents (eg, IgG, IgM, or IgA responses to the 
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@ Most autoimmune 
inflammatory myelopathies 
are associated with 
lymphocytic pleocytosis, 
although occasionally, 
neutrophilic pleocytosis can 
be seen in a subset of 
autoimmune myelopathies 
such as those associated 
with neuromyelitis optica, 
rheumatologic disorders 
such as Behçet disease, or 
granulomatous diseases 
such as sarcoid-associated 
myelopathy. 


@ Oligoclonal bands are not 
specific to demyelinating 
disorders because 
oligoclonal bands can be 
present in autoimmune, 
paraneoplastic, and 
infectious or postinfectious 
neurologic disorders. 
However, exclusive CSF 
oligoclonal bands in patients 
with new-onset myelitis and 
a short lesion in spinal cord 
MRI are highly predictive of 
conversion to multiple 
sclerosis. 
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microorganism) in blood, CSF, or other biological samples. Testing with PCR for 
herpes viruses (herpes simplex virus type 1 [HSV-1], HSV-2, varicella-zoster 
virus, cytomegalovirus, and human herpesvirus 6) is highly precise, and it 

may support the etiologic diagnosis in the proper clinical setting. The clinician 
must be aware that, in some situations, some viruses (eg, Epstein-Barr virus, 
varicella-zoster virus, and human herpesvirus 6) may be associated with 
reactivation rather than representing a primary infection and should interpret 
positive PCR results cautiously. Direct demonstration of microorganisms may 
pose a challenge because of the transitory presence of pathogens in CSF 

and blood (eg, RNA viruses such as WNV, human T-cell lymphotropic virus 
type 1 [type 1], and enteroviruses). In these situations, detecting immune 
responses to the pathogen may be more useful for diagnosis. Quantifying IgG and 
IgM antibody responses in CSF can support the diagnosis of some types of 
infection-associated myelitis when PCR is less sensitive because of a low 
pathogen concentration or short duration of presence in the CNS or CSF (eg, CSF 
IgM antibody response to WNV in cases of WNV-associated myelitis, Lyme 
disease, syphilis). Ancillary studies not routinely used for formal diagnosis of 
spinal cord disorders, such as nasal swabs for testing respiratory viral infections 
by PCR (eg, enterovirus, adenoviruses, influenza) and stool testing (eg, 
polioviruses and nonpolio enteroviruses), are instrumental when the clinician 
suspects acute myelitis such as acute flaccid myelitis and other acute 
paralyzing disorders that occur in the setting of seasonal circulation of 
respiratory viruses, including enteroviruses or influenza, an outbreak of viral 
illnesses, or in areas endemic of such infections. The recent introduction of 
next-generation sequencing and metagenomic studies of the CSF provides an 
agnostic and unbiased evaluation of infections that may be associated with 
myelitis.* 


Oligoclonal Bands 


Oligoclonal Paired CSF and serum isoelectric 
band patterns focusing analysis Interpretation 
1 Oligoclonal bands absent in both Normal CSF pattern, no IgG synthesis 
CSF and serum 
2 Oligoclonal bands are present Intrathecal IgG synthesis, 
exclusively in CSF and absent in neuroinflammatory disorders, 
serum multiple sclerosis 
3 Oligoclonal bands present in CSF Intrathecal IgG synthesis, 
and identical additional oligoclonal neuroinflammatory disorders, 
bands in serum and CSF multiple sclerosis 
4 Identical oligoclonal bands present Chronic systemic inflammatory 
in CSF and serum (mirror pattern) conditions, autoimmune and 
paraneoplastic disorders, systemic 
infections 
5 Monoclonal bands present in CSF Myeloma and monoclonal 
and serum gammopathy of unknown significance 
(MGUS) 
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Laboratory Approach in Noninflammatory Myelopathies 

Although diagnosing vascular myelopathies relies mainly on neuroimaging 
studies, non—-trauma-related spinal cord strokes in young and older adults require 
an assessment of vascular disease risk factors. Susceptibility to atherosclerotic 
disease and coagulation disorders should be evaluated carefully. Evaluating lipid 
profile, lipoprotein A, and apolipoprotein B determines the risk of atherosclerotic 
disease, and standard blood tests such as C reactive protein, sedimentation rate, 
and homocysteine are good indicators of vascular inflammation. Gene variants 
associated with clotting disorders such as factor V Leiden, prothrombin gene 
(F2), and methylenetetrahydrofolate reductase (MTHFR) and antibodies 
associated with antiphospholipid syndrome, including lupus anticoagulant, 
anticardiolipin antibodies, and anti-f-2-glycoprotein I antibodies are helpful 
for identification of genetic and autoimmune nonatherosclerotic vascular disease 
in acute vascular myelopathies. Assessment of protein C and protein S deficiency 
is indicated in patients younger than 50 years with spinal cord stroke, personal or 
family history of thrombotic events, and thrombophilia. In addition, blood 
analysis confirms the suspected diagnosis of myelopathies associated with 
metabolic disturbances. The most frequent metabolic disturbance causing 
myelopathy is vitamin B,, (cobalamin) deficiency, diagnosed by testing blood 
for vitamin B,,, methylmalonic acid, and homocysteine. In addition, patients 
with suspected metabolic myeloneuropathy should also be tested for copper, 
zinc, vitamin E, very long chain fatty acids, as well as plasma and urine 

amino acids. 


Spinal Cord Biopsy in the Assessment of Myelopathies 

In the opinion of this author, there is no role for using spinal cord biopsies in 
diagnosing patients with suspected myelopathies, either inflammatory or 
noninflammatory, except when the main concern is the presence of neoplastic 
lesions, all noninvasive diagnostic approaches are exhausted, and there is a 
therapeutic benefit that exceeds the risk of developing further neurologic 
deficits. 


The Future of Biomarker Assessment of Myelopathies 

Novel techniques and assays for the analysis of CSF are used now as research and 
clinical tools for assessing the disease mechanism and etiology or prognostication 
in myelopathies. Assays for the identification of specific antibodies against neural 
or glial antigens are being developed by using immunologic and sequencing 
techniques such as phage immunoprecipitation sequencing with 
oligonucleotide-encoded peptidomes* and cell-based assays to characterize 
autoantibodies in neuroimmune disorders.” Profiling of cytokines and 
chemokines,** along with other markers of the immune response, is being 
tested in serum and CSF from patients with myelitis to characterize immune 
mechanisms. Similarly, quantifying markers of axonal injury and glial response, 
such as serum and CSF neurofilament light-chain and GFAP, are under review to 
determine their value as biomarkers of disease and outcome in the assessment 
of myelopathies.3637 


DIAGNOSTIC NEUROIMAGING IN THE EVALUATION OF MYELOPATHY 


Diagnostic neuroimaging techniques for evaluating myelopathies focus primarily 
on using MRI of the spine. However, radiologic techniques such as spine CT, CT 
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@ The search for infection 
as a cause of myelitis should 
be tailored to identify 
suspected infections based 
on the patient's clinical 
profile and epidemiologic 
and medical risk factors. 


@ Imaging phenotyping in 
MRI sequences, both in 
sagittal and axial views, 
provides a characterization 
of number and topography 
of lesions, which facilitates 
the identification of 
different types of 
myelopathies. 


@ Contrast-enhancing 
spinal cord lesions should 
be validated against 
noncontrasted Ti-weighted 
images to exclude intrinsic 
T1 hyperintensities, such as 
those caused by blood 
products, fat accumulation, 
or residual lesions. 
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myelography, and angiography are practical complementary imaging 
approaches that help assess myelopathies. In select cases, fludeoxyglucose 
positron emission tomography (FDG-PET) may provide information about the 
metabolic status of the spinal cord but, most importantly, helps characterize 
other pathologies, including tumors and inflammatory disorders that may 
contribute or be related to comorbidities implicated in the development of 
myelopathies (eg, neoplastic and paraneoplastic disorders, metastatic disease, 
sarcoidosis). 


MRI 

Cervical, thoracic, and lumbar spine MRI with and without gadolinium is the 
best diagnostic imaging modality to characterize the spinal, vertebral, diskal, and 
spinal cord pathologies contributing to inflammatory and noninflammatory 
myelopathies. The clinician should examine the spinal canal and its extradural, 
intradural-extramedullary, and intramedullary compartments to assess the 
relationship of the spinal cord, nerve roots, and cauda equina with the spine 
vertebral bodies and disks. This strategy should include a characterization of the 
signal intensity abnormalities in both sagittal and axial images by using standard 
T2-weighted, sagittal T2-weighted short tau inversion recovery (STIR), 
T1-weighted, and T1-weighted sequences with gadolinium administration. This 
approach can facilitate the precise identification of extraaxial (TABLE 1-2) and 
intraaxial (TABLE1-3) pathology and the patterns and extension of the spinal cord 
lesions associated with either inflammatory or noninflammatory myelopathies 
(FIGURE 1-6). The use of diffusion-weighted spinal cord imaging is limited by 
technical challenges that increase artifacts and distortions, and its use in 
evaluating spinal cord stroke is still unreliable. 


Extraaxial and Structural Pathology in Myelopathies 

Cervical and thoracic spondylotic disease leads to one of the most frequent 
extraaxial causes of structural myelopathy: spondylotic myelopathy. It results in 
the narrowing of the spinal canal, which is associated with degenerative changes 
in the spine and disks, including spondylolisthesis, disk herniations, osteophyte 
formation, and ossification of the posterior longitudinal ligament and 
ligamentum flavum. The progression of these changes produces spinal cord 
compression, leading to myelopathy. In the early and intermediate stages of 
spondylotic myelopathy, the spinal cord exhibits signal abnormalities associated 
with edema that may be related to venous hypertension, ischemia, and even 
secondary inflammation (FIGURE 1-7). These changes may be progressive, 
leading to irreversible tissue damage and myelomalacia. Disk herniations and 
calcification, ossification of the posterior longitudinal ligament or ligamentum 
flavum, or marginal osteophytes may develop independently of spondylotic 
disease to produce a focal mass effect on the spinal cord or nerve structures, 
leading to myelopathic symptoms.” In these circumstances, spine CT or CT 
myelography may help identify with more detail the topography of such 

a relationship. 

A frequently unrecognized extradural cause of myelopathy is spinal epidural 
lipomatosis. This is commonly associated with the long-term use of steroids, 
obesity, or endocrine disorders with the overproduction of endogenous steroids, 
which are factors leading to the accumulation of epidural fat tissue; this 
accumulation occurs mainly in the thoracic spine region, is identified in 
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T1-weighted MRI sequences, and produces a compression of the thecal sac, 
leading to a polygonal deformation of the dural sac (Y sign)?* as illustrated in 
FIGURE 1-8. 


Patterns of Spinal Cord Lesions 

The initial assessment of the spinal cord lesion distribution in myelopathies 
should include an evaluation of the lesion involvement along the sagittal axis; this 
identifies lesion patterns, including longitudinally extensive, tumefactive, or 


MRI Lesion Patterns in the Extraaxial Compartment of the Spine and TABLE 1-2 


Associated Structures 


Lesion patterns and features Commonly associated myelopathies 


Extraaxial and 
extradural 


Vertebral 
bodies 


Disk structures 


Extradural 
structures 


Extraaxial and 
dural or intradural 


Dura 


Arachnoid 


Blood vessels 


Bone metastasis 
Vertebral body fracture 
Osteomyelitis 

Vertebral body infarction 


Hemangioma 


Disk herniation or degeneration 


Disk rupture and nucleus pulposus 


extrusion 


Ossification of the posterior 


longitudinal ligament 


Ossification of ligamentum flavum 


Osteophyte (bone spurs) 
Epidural lipomatosis 
Epidural abscess 
Epidural hematoma 


Synovial cyst 


Tumor 


Inflammatory-related 


Dural tears 


Arachnoid cyst 
Arachnoid web 


Arachnoiditis 


Arteriovenous malformation 
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Structural myelopathy, spinal cord compression 
Structural myelopathy, spinal cord compression 
Structural myelopathy, infection-related 

Acute vascular myelopathy, spinal cord strokes 


Rarely produce myelopathy or compression 


Structural myelopathy, cervical spondylotic myelopathy 


Acute vascular myelopathy due to fibrocartilaginous embolism 


Cervical myelopathy, spondylotic, compression 


Lower thoracic myelopathy, compression 

Structural myelopathy, spondylotic, compression 

Structural myelopathy, compression, thoracic region 
Infection-related compressive myelopathy 

Structural myelopathy, compression, trauma, anticoagulation-related 


A rare cause of myelopathy, lumbar > cervical > thoracic 


Meningiomas, compressive myelopathy 


Pachymeningitis, sarcoidosis, |gG4-related, and other pathologies 
leading to compressive myelopathy 


Spinal cord herniation (lower cervical and upper thoracic region) 
Structural myelopathy (thoracic region) 

Structural (congenital, trauma, or infection-related) 
Infection-related, trauma, postsurgical, compression 


Chronic vascular (dural arteriovenous fistula, arteriovenous 
malformation) 
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TABLE 1-3 MRI Lesion Patterns in the Intraaxial Compartment in the Spinal Cord 
and Neural Structures 


Lesion patterns 
Image analysis approach and features 


Sagittal plane Short segment (single or 
(T2-weighted, short tau multifocal) 
inversion recovery 


[STIR] Longitudinally extensive 


Tumefactive 


Axial plane Gray matter exclusive 


iiawalehired) Anterior horn 


Anterior or posterior 


Diffuse 

White matter exclusive 
Asymmetric 
Tractopathy type 


Gray and white matter 
mixed 


Central cord 


Syrinx 

Enhancement pattern Homogeneous or diffuse 

(T1-weighted with 

gadolinium) Patchy 
Nodular 
Ring-enhancement 
Meningeal enhancement 
Nerve root and cauda 
equina 

Myelopathy signs Owl or snake eyes sign 

(T2-weighted, : 

Ti-weighted with Hsien 

gadolinium) Trident sign 


Inverted V sign 
Pancake sign 
Y sign 
Flip-flop sign 


Candle-guttering 
appearance 


Scalpel sign 


Missing piece sign 
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Commonly associated myelopathies 


Inflammatory, acute vascular, structural, metabolic 


Demyelinating, autoimmune, infection, metabolic, neuromyelitis 
optica, sarcoidosis, myelin oligodendrocyte glycoprotein (MOG)- 
associated disorders, spinal cord stroke, dural arteriovenous fistula 
(AVF) 


Inflammatory, spondylotic, chronic vascular, infection (Lyme disease) 


Spinal cord strokes, acute flaccid myelitis, MOG-associated disorders, 
infection (poliomyelitis) 


Spinal cord strokes, MOG-associated disorders, dural AVF, infection 
(West Nile virus [WNV]) 


Spinal cord strokes, dural AFV, MOG-associated disorders 


Demyelinating, autoimmune 
Metabolic, genetic, toxic, paraneoplastic 


Autoimmune, infection-related, spinal cord stroke, spondylotic 


Autoimmune, sarcoidosis, dural AVF, spondylotic 
Structural, inflammatory, neoplastic 

nflammatory (autoimmune, infection-related) 
nflammatory (autoimmune, infection-related), spondylotic 
Sarcoidosis, neoplastic (metastatic) 

Demyelinating 


nfection-related, sarcoidosis, MOG-associated disorders 


nfection-related, sarcoidosis, MOG-associated disorders 


Spinal cord stroke, infection-related (acute flaccid myelitis, WNV) 
MOG-associated disorders 

Sarcoidosis 

Metabolic (vitamin B42) 

Spondylotic myelopathy 

Epidural lipomatosis 

Syphilitic myelitis 

Syphilitic myelitis 


Spinal cord herniation 


Dural AVF with enhancing lesions 
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short-segment lesions, and determines the presence of single versus multifocal 
lesions (TABLE 1-3). Imaging phenotyping in MRI sequences provides a 
characterization of topography and lesion frequency among specific types of 
myelopathy (FIGURE 1-6). Longitudinally extensive myelopathy is an MRI 
feature in which the signal intensity abnormality extends to three or more 
vertebral body segments. Longitudinally extensive myelopathy is frequently seen 
in inflammatory myelopathies such as NMO, MOG-associated disorders, and 
sarcoidosis-associated myelopathy, although it is occasionally seen in multiple 
sclerosis.” In these settings, most signal abnormalities involve the white matter 
and gray matter regions of the cord. Longitudinally extensive myelopathy can 
also be an MRI feature of noninflammatory myelopathies, such as vascular 
myelopathies associated with acute spinal cord strokes (eg, occlusion of the 
artery of Adamkiewicz), and chronic vascular myelopathies, such as dural AVFs 
and AVMs. In those conditions, the signal intensity abnormalities are localized 
mostly centrally in the gray matter of the cord as illustrated in FIGURE 1-6 and 
CASE 1-1. A particular type of longitudinally extensive myelopathy is tractopathy, 
a myelopathic condition with symmetric and extensive signal abnormality within 


FIGURE 1-6 

Spine CT and MRI from a patient with epidural lipomatosis. A, Sagittal spine CT shows 
extraaxial epidural low attenuation (arrowheads) in the thoracic and lumbosacral regions. 

B, Axial spine CT at the T8 level shows the posterior perispinal low-attenuation abnormality 
(fat tissue) surrounding the cord (the spine goblet sign [arrowhead]). C, Axial spine CT at the 
sacral region S1 level shows the low-attenuation abnormality (fat tissue) surrounding the 
neural elements of the cauda equina (the Y sign [arrowhead]). D, Sagittal fluid-attenuation 
inversion recovery (FLAIR) MRI of the thoracic spine shows the posterior extraaxial 
hyperintensity, representing the accumulation of adipose tissue compressing the thoracic 
spinal cord (arrowheads). E, F, Axial T2-weighted images of the thoracic spinal cord (levels 
of the blue lines in panel D) show the mass effect produced on the spinal cord by the 
accumulation of fat tissue (arrowheads). 
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Presurgical and postsurgical spine MRI of a patient with compressive spondylotic 
myelopathy. A-D, Presurgical sagittal T2-weighted (A) image shows the focal area of extrinsic 
compression produced by the disk protrusion (arrowhead) at C5 to C6. The arrowhead in 
panel A indicates the focal site of hyperintense signal abnormality and cord edema below the 
point of compression in the narrowed canal. The corresponding sagittal gadolinium- 
contrasted T1-weighted image (B) shows a transverse line of enhancement (pancake sign, 
arrowhead) that matches the focal area of cord compression. Matched axial T2-weighted (C) 
and contrasted T1-weighted (D) images at the level of cord compression (arrowheads) 
corresponding to the arrowheads in panels A and B. E-H, Postsurgical sagittal T2-weighted 
(E) and corresponding sagittal gadolinium-contrasted T1-weighted (F) images show a residual 
focal area of signal abnormality (E, arrowhead) at C5 to C6 and the pancake sign (F, 
arrowhead) 12 months after an anterior cervical discectomy and fusion surgery. Matched 
axial T2-weighted (G) and contrasted T1-weighted (H) images at the level of presurgical cord 
compression (arrowheads) corresponding to the arrowheads in panels E and F. The axial 
images show residual asymmetric T2 hyperintensities (G) and residual contrast enhancement 
in the left aspect of the white matter (H) at the site of presurgical compression corresponding 
to the arrowheads in panels A, B, E, and F). 
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the corticospinal tracts in the lateral aspect of the cord or posterior columns or 
both. Tractopathies are frequently associated with metabolic (eg, vitamin B,, and 
copper deficiencies or those associated with a toxic effect of nitrous oxide), 
genetically determined, paraneoplastic and autoimmune (eg, Sjogren 
syndrome), and infection-associated (eg, COVID-19, human immunodeficiency 
virus [HIV]-associated vacuolar myelopathy) myelopathies. 

Short-segment lesions are frequently seen in demyelinating myelopathies or 
clinically isolated demyelinating syndromes and other autoimmune-associated 
myelitis, although less frequently in NMO and MOG-associated disorders.*? 
Assessment of the lesion in axial images of the cord provides a characterization of 
the pattern of involvement in the gray or white matter or both. Multifocal 
lesions, mostly short segments, are frequently seen in demyelinating disorders 
such as multiple sclerosis and other causes of autoimmune myelitis. The lesion 
occurs most often in white matter tracts in these conditions, although gray 
matter involvement may be present. Occasionally, short-length and 


T1W+Gad 


l g 
MRI examples in the different myelopathy diagnostic categories. A, Cervical spine MRI 

from a patient with idiopathic inflammatory myelopathy reveals a short-segment lesion 

in T2-weighted (T2W) images and T1-weighted gadolinium-enhanced (TIW + Gad) images in 
the posterolateral region of the cervical cord. B, Cervical spine MRI from a patient with 
spinal cord infarction shows a longitudinally extensive, anterior lesion in T2W images in both 
sagittal and axial views, which appears unenhanced in TIW + Gad images. C, Thoracic MRI 

in a patient with a dural arteriovenous fistula seen as a longitudinally extensive myelopathy 
and diffuse intraaxial enhancement in the central cord; there are enlarged vessels in the 
dorsal surface of the cord (arrow). D, Cervical spine MRI in a patient with spondylotic 
myelopathy shows posterior disk protrusion with mass effect on the spinal cord and 
intraaxial signal abnormality in T2W images and focal enhancement in TIW + Gad images in 
the central cervical cord. 

Reprinted with permission from Barreras P et al, Neurology.'° © 2018 American Academy of Neurology. 
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longitudinally extensive myelopathy may appear tumefactive, a feature that 
reflects the presence of cord edema frequently associated with active 
inflammatory processes such as in active demyelination or NMO.*° 

Axial images may also provide valuable clues for identifying specific 
myelopathies, particularly those with selective involvement of the gray matter, 
such as acute ischemic lesions in spinal cord strokes or acute inflammatory 
myelopathies such as acute flaccid myelitis. Selective involvement of the 
anterior horns of the cord (the owl eyes or snake eyes signs) may support these 
diagnoses. A diffuse signal abnormality within the entire cord gray matter in the 
axial plane, anterior and posterior horns, is a feature of MOG-associated 
disorders myelopathy (the H sign).** A marked T2 hyperintensity involving the 
cord's central canal is a frequent MRI feature of NMO and MOG-associated 
disorders.** Selective signal abnormality in T1-weighted images with gadolinium 
in the cord's posterior and lateral white matter tracts (the trident sign), suggests 
sarcoidosis-associated myelopathy.“ Similarly, the inverted V sign or inverted 
rabbit ears sign in the spinal cord is an MRI feature of subacute combined 
degeneration or vitamin B,,-deficiency myelopathy. 


Enhancement Patterns on MRI 

The evaluation of the sagittal and axial images of the spinal cord should include a 
simultaneous identification of the patterns of lesion enhancement in T1-weighted 
sequences with gadolinium. Enhancement may be present in focal and 
longitudinally extensive lesions and may be homogeneously focal, patchy, or 
ring-enhancing. Enhancement may also involve leptomeninges or extraaxial 
structures such as nerve roots and the dura mater. Cord lesion enhancement is a 
frequent feature of inflammatory myelopathies. However, it may occasionally 
occur in some noninflammatory vascular or spondylotic myelopathies. In 
spondylotic myelopathy, sagittal T1-weighted views with gadolinium may show 
a focal, thin, transverse band of cord enhancement that affects mostly peripheral 
white matter tracts and is topographically associated with the focus of spinal 
stenosis (the pancake sign)** as illustrated in FIGURE 1-7. Occasionally, this focal 
enhancement pattern may persist even after surgical intervention and may be the 
source of confusion because such an MRI finding is frequently misinterpreted as 
a form of “transverse myelitis.” In acute spinal cord strokes, longitudinally 
extensive myelopathy may occasionally exhibit patchy enhancement in the 
intermediate stages (>72 hours) or late stages after the initial vascular injury 
(FIGURE 1-9). This MRI feature reflects the disruption of the spinal cord—blood 
barrier and possibly secondary inflammatory reactions such as monocyte and 
macrophage infiltration into the focus of ischemia. Some dural AVFs and AVMs 
may exhibit patterns of longitudinal enhancement, mild venous congestion 
(vascular blush), and occasionally a nonenhancing area within a long segment of 
enhancement, an MRI feature (a missing piece sign). 


Brain MRI 

For patients with inflammatory myelopathies, brain MRI is recommended to 
establish the presence of supratentorial or infratentorial neuroinflammatory 
lesions, meningeal enhancement, or cranial nerve involvement. The presence of 
characteristic white matter periventricular, corpus callosum, and juxtacortical 
lesions support the diagnosis of multiple sclerosis. Periependymal lesions in the 
diencephalon, dorsal brainstem, area postrema, and white matter adjacent to 
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FIGURE 1-9 

Serial spinal cord MRI in a patient with spinal cord infarction. A, Sagittal T2-weighted 
images of the thoracolumbar cord region at 3 days after symptom onset show 
longitudinally extensive hyperintense signal abnormalities, which are localized in the 
anterior horn-gray matter region of the cord (arrowhead) as demonstrated in the axial 
image (shown in panel F). B, Sagittal T2-weighted images at 5 days after symptom onset 
show progression of intraaxial hyperintensities and newly developed hypointense lesions 
(arrowhead) reflecting likely hemorrhagic conversion (shown in the axial image in panel G). 
C, Sagittal gadolinium-contrasted T1-weighted images at day 5 show subtle evidence of 
intraaxial enhancement (arrowhead) (shown in the axial image in panel H) and perispinal 
congestion. D, Sagittal T2-weighted images obtained 12 weeks after the onset of symptoms 
show residual focal areas of hyperintense and hypointense signal abnormalities (arrowhead). 
E, Sagittal gadolinium-contrasted T1-weighted spinal images show persistent intraaxial 
focal areas of contrast enhancement as well as enhancement of the anterior and posterior 
nerve roots as shown in panel J (arrowheads). I, Axial image at the arrowhead level in panel 
D showing ventral and dorsal nerve roots (arrowheads) and corresponding to the same 
structures (arrowheads) visualized in gadolinium-contrasted T1-weighted images shown in 
panel J. The orange lines in panels A and C represent the intervertebral space T6 to T7 
(upper orange line) and vertebral body L1 (lower orange line). The green lines in panels A, B, 
and C indicate the cord level at the T10 vertebral body which, are represented in panels 

F, G, and H. 


lateral ventricles are distinctive of NMO.*° Multifocal cortical, subcortical, and 
deep white matter lesions, involvement of deep gay matter nuclei, and "fluffy" 
and poorly demarcated lesions with a pattern of acute disseminated 
encephalomyelitis are frequent features of brain abnormalities in 
MOG.-associated disorders.“ Pachymeningeal or leptomeningeal enhancement, 
cranial nerve involvement, or focal areas of encephalitis may be present in 
patients with sarcoid-associated myelopathy. Brain MRI is also helpful when 


CONTINUUMJOURNAL.COM 35 


MYELOPATHY DIAGNOSIS 


36 


assessing myelopathies in infectious disorders because it can help determine 
additional involvement of brain structures or meningitis. 


MRI Pitfalls 

Clinicians who evaluate patients with myelopathies should know the potential 
pitfalls in assessing spinal cord MRIs. The patient’s movement generates the most 
frequent problem: artifactual signal intensity changes in T2-weighted sequences 
that may lead to misinterpretation of spinal cord lesions. There are also regular 
flow voids, which are artifacts generated by CSF circulation and frequently seen 
in T2-weighted images, particularly in the thoracic spinal canal, that may be 
confused with abnormalities of blood vessels. One problematic area for 
evaluating myelopathies is the thoracic spine because the small diameter of the 
thoracic cord, wide spinal canal, and surrounding CSF lead to image and signal 
artifacts that impair the ability to identify intraaxial lesions. In addition, findings 
in contrast-enhancing lesions should be validated against the noncontrasted 
T1-weighted images to exclude intrinsic T1 hyperintensities, such as those 
produced by blood products, fat accumulation, or residual lesions. 


CT Imaging 

Other neuroimaging modalities such as spine CT and CT myelography are used 
when MRI is contraindicated because of metallic implants and medical devices or 
there is a need for emergency assessment of the spine and vertebral body 
structures in the setting of trauma, spondylotic myelopathy, metastatic disease, 
or structural myelopathies. CT is valuable in evaluating the relationship between 
vertebral bodies and disk structures with the spinal cord, spinal nerve roots, and 
blood vessels. Although CT techniques cannot identify and characterize 
intraaxial lesions, they are beneficial in assessing extraaxial lesions such as 
extraaxial compression produced by epidural hematomas, abscesses, ossification 
of the posterior longitudinal ligament and ligamentum flavum, disk 
calcifications, hypertrophy of facet joints, and marginal osteophytes. Evaluating 
the cervical spine in flexion and extension with CT better characterizes spine 
stability and the risk of potential compressive effects on the spinal cord during 
movement; this maneuver should not be used in patients with a history of neck 
trauma until there is proper clearance. In addition to spine CT, CT myelography 
provides a good view of the spinal canal and the relationship of the cord with 
extraaxial spinal or dural structures. CT myelography supports the imaging 
characterization of arachnoid cysts, arachnoid webs, and idiopathic spinal cord 
herniation. These conditions are frequently localized in the thoracic spine 
compartment and produce myelopathic symptomatology primarily associated 
with the compressive nature of the lesion. Identifying idiopathic spinal cord 
herniation is a challenging diagnostic imaging situation in which osteophytes, 
disk calcification, or connective tissue disorders lead to dural tears, frequently 
localized in the ventral region of the thoracic spine between the T4 and 

T7 regions. 


Spine Angiography 

Spine angiography is the best approach to evaluate abnormalities of the vascular 
supply to the spinal cord.*’*” CTA and magnetic resonance angiography (MRA) 
are widely used imaging techniques in the evaluation of vascular anatomy, but 
they have limitations in identifying vascular pathology and associated vascular 
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myelopathies. CTA and MRA of the cervical spine are valuable for evaluating 
vertebral arteries and arterial dissection but have significant limitations in 
assessing the vascular supply of the thoracolumbar region. Spinal digital 
subtraction angiography is the standard diagnostic approach for evaluating the 
spinal cord's vascular anatomy and assessing abnormalities such as dural AVFs 
and spinal AVMs.* In these pathologies, digital subtraction angiography not only 
helps with the identification and characterization of these vascular abnormalities 
but also provides avenues for interventional endovascular treatments or planning 
for surgical interventions. Spine MRA preassessment of patients with suspected 
dural AVFs and AVMs helps minimize procedure time and radiation exposure 
during conventional angiography by identifying specific areas of interest. 

Because spine digital subtraction angiography provides better imaging 
resolution than MRA or CTA for the characterization of major spinal arterial 
territories such as the vertebral arteries, the artery of Adamkiewicz, and the 
intersegmental arteries, there is always an interest in using spine digital 
subtraction angiography in evaluating patients with acute vascular myelopathies 
or acute spinal cord strokes. However, spinal angiography should be used only as 
a supportive test in diagnosing these disorders. It should not be considered 
essential for these diagnoses because other nonocclusive arterial causes may be 
present in acute spinal cord strokes, and because of the dynamic of blood vessel 
supply to the cord, reconstitution of the blood flow and occlusive causes such as 
embolisms may render false negative results. Digital subtraction angiography 
should be used if there is a high index of suspicion that the stroke was produced 
by structural vascular pathology and that the outcome of medical or surgical 
interventions would provide a therapeutic benefit. For example, digital 
subtraction angiography is very helpful in characterizing extrinsic compression 
of arteries supplying the spinal cord, such as diaphragmatic crus syndrome,** 
anterior disko-osteo-arterial conflict,4”°° or compression by the endothoracic 
fascia” to intersegmental arteries that supply segments of the spinal cord. 
Currently, no interventional neuroradiologic techniques are suitable for 
managing acute atherothrombotic vascular spinal cord disease. 


Future Imaging Approaches 

Other MRI techniques, such as diffusion tensor imaging, are being used mainly in 
research settings and are subject to sophisticated acquisition and analysis 
algorithms that currently do not have demonstrated value for clinical 
management but may represent a potential novel tool for assessing cord white 
matter tracts and outcomes once they are properly validated for clinical use. 
Similarly, PET imaging is being tested for possible use in determining spinal cord 
structure and metabolism. The current use of FDG-PET provides a reasonable 
basis for the future use of this imaging technique in the clinical setting with the 
introduction of novel radioligand tracers to assess inflammation or metabolism. 
A limitation of this imaging approach is the image resolution and the specificity 
of the radioligands for detecting lesions or metabolic activity within the cord. 


AN INTEGRATIVE APPROACH TO DIAGNOSIS OF MYELOPATHY 

The analytic integration of the information from the clinical history, neurologic 
examination, laboratory analysis, and neurodiagnostic techniques is essential for 
precise diagnosis of myelopathies and establishing the etiologic diagnosis. The 
categorization of myelopathies into two different groups of myelopathies based 
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KEY POINTS 


@ CT techniques help 
assess extraaxial spinal 
lesions, compression 
produced by epidural 
hematomas, abscesses, 
ossification of the posterior 
longitudinal ligament and 
ligamentum flavum, disk 
calcifications, hypertrophy 
of facet joints, and marginal 
osteophytes. 


@ Rather than relying solely 
on MRI or CSF findings, the 
clinician should integrate 
into a coherent diagnostic 
framework (ie, the 
diagnostic equation) all 
elements of the clinical 
history and epidemiologic 
and risk factor information 
with those of laboratory 
testing, biomarkers, and 
neuroimaging to achieve a 
precise diagnosis. 


@ Vascular myelopathies 
comprise two subgroups of 
spinal cord disorders: those 
with acute ischemic injury 
produced by spinal cord 
strokes and another with 
chronic evolving vascular 
malformations such as dural 
arteriovenous fistulas and 
arteriovenous malformations. 


@ Clinical predictors for 
acute ischemic spinal cord 
stroke diagnosis include a 
hyperacute temporal 
profile, new onset of back 
pain, flaccid weakness, and 
extensive longitudinal 
lesions on MRI. 


@ Clinical predictors of a 
diagnosis of chronic 
vascular myelopathies such 
as dural arteriovenous 
fistula and arteriovenous 
malformation include older 
age, male sex, chronic 
evolution of symptoms, 
bladder or bowel dysfunction, 
worsening symptoms with 
exercise, flaccid weakness, 
and involvement of the 
conus medullaris. 
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on the mechanism of disease and etiology, inflammatory myelopathies and 
noninflammatory myelopathies, is the first step in determining a more precise 
etiologic diagnosis. The goal of grouping the inflammatory myelopathies is to 
bring together those spinal cord disorders with a common pathogenic 
mechanism, neuroinflammation, permitting targeted diagnostic and therapeutic 
interventions. Similarly, clustering the other myelopathies in which immune 
factors are not involved in pathogenesis in the noninflammatory myelopathy 
group facilitates the identification of the specific diagnosis. 


Inflammatory Myelopathies 

Inflammatory myelopathies constitute the most frequently occurring 
myelopathies and have diverse immune-mediated disease mechanisms 
associated with them. With a better understanding of the immune process and 
the discovery of new disease biomarkers, the diagnostic spectrum of this group of 
myelopathies continues to expand (TABLE 1-4"? and TABLE 1-5°° °7), The 
mechanisms of immune-mediated disease include demyelinating disease 
associated with multiple sclerosis, autoimmune myelopathies associated with 
specific antibodies against neural antigens (eg, NMO, MOG-associated disorders, 
paraneoplastic disorders), autoimmune myelopathies related to systemic 
autoimmune or rheumatologic diseases (eg, Sjogren syndrome, systemic lupus 
erythematous), infection-associated myelopathies, and other inflammatory 
myelopathies caused by the use of medications that target immune pathways that 
trigger autoimmune responses against the spinal cord such as immune 
checkpoint inhibitors used in cancer treatment® or tumor necrosis factor 
inhibitors in the treatment of rheumatologic disorders.°? 

Diagnosing inflammatory myelopathies should integrate all elements of the 
clinical history and examination, laboratory testing, and neuroimaging into the 
“diagnostic equation.” MRI and CSF findings traditionally associated with 
myelitis such as pleocytosis, elevated CSF protein, and lesions with enhancement 
onT1-weighted MRI with gadolinium alone have shown low specificity for the 
diagnosis of inflammatory myelopathy and have low diagnostic accuracy because 
these findings may occur in vascular and spondylotic myelopathy. However, 
clinical features such as the temporal profile of symptoms from initial onset to 
nadir associated with the initial neurologic examination, particularly with motor 
examination and the pattern of lesion distribution on MRT”? along with the use of 
immune biomarkers, help distinguish those myelitis groups from other 
noninflammatory myelopathies. For example, most inflammatory myelopathies 
have a subacute temporal profile, whereas most spinal cord ischemic strokes 
exhibit a hyperacute presentation (FIGURE 1-4). These clinical features alone 
represent a valuable, differentiating clinical marker. The presence of specific 
immune biomarkers (eg, antibodies against aquaporin 4, MOG, and GFAP) and 
the coexistence of systemic autoimmune or inflammatory disorders are helpful 
clues to support the diagnosis of inflammatory myelopathy, as in the case of 
Sjogren syndrome and sarcoidosis. The assessment of lesion distribution on 
spinal cord MRI, the presence of brain abnormalities in white matter or the 
brainstem, or signs of cortical involvement or encephalitis provide helpful clues 
for identifying some underlying pathogenic mechanisms and specific etiologic 
diagnoses as in demyelinating disorders such as multiple sclerosis, NMO, 
MOG-associated disorders, and neurosarcoidosis. 
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Inflammatory Myelopathies Associated With Demyelination, Autoimmunity, TABLE 1-4 


or Granulomatous Inflammation 


Temporal profile 


Demyelinating myelopathies 


Monofocal and Subacute, chronic, 
Clinically isolated relapsing-remitting 
syndrome or 

multifocal 


demyelinating 


Autoimmune myelopathies 


Neuromyelitis optica Acute, subacute, 
(NMO) relapsing-remitting 
Myelin Acute, subacute 


oligodendrocyte 
glycoprotein (MOG)- 
associated myelitis 


Glial fibrillary acidic Acute, subacute 
protein (GFAP)- 
associated myelitis 


Paraneoplastic Subacute, progressive 
myelitis 
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Frequent presenting MRI 
features and lesion patterns 


Single or multifocal 
short-segment lesions, with 
or without gadolinium 
enhancement 


Longitudinally extensive with 
or without gadolinium 
enhancement, central cord 
predominance, occasionally 
tumefactive; brain MRI may 
exhibit optic neuritis, 
diencephalic, or area 
postrema lesions 


Longitudinally extensive and 
multifocal short-segment 
lesions, conus involvement, 
gray matter predilection, H 
sign, with or without 
gadolinium enhancement 


Longitudinally extensive with 
or without subtle gadolinium 
enhancement, which may 
involve the central canal; 
meningeal and linear radial 
perivascular enhancement on 
brain MRI 


Longitudinally extensive with 
or without gadolinium 
enhancement or 
short-segment lesions, 
occasional tractopathy type, 
variable gray matter horn 
involvement 


Diagnostic biomarkers 
and clinical notes 


CSF oligoclonal band pattern 2 or 3, 
with or without white matter lesions 
on brain MRI (see the 2017 revisions 
of the McDonald diagnostic 
criteria’) 


Serum anti-aquaporin 4 IgG, 
infrequent CSF oligoclonal bands; 
myelitis can be associated with 
optic neuritis, diencephalic lesions, 
or area postrema lesions; 
seronegative NMO may be 
diagnosed if dissemination in 
space, such as diencephalic or area 
postrema, is present (see 2015 
diagnostic criteria®? for NMO 
spectrum disorders) 


Serum anti-MOG IgG, rare CSF 
oligoclonal bands, myelitis is the 
first manifestation of MOG- 
associated disorders in almost 50% 
of cases, preceding virallike 
prodrome, flaccid myelitis, 
concurrent acute disseminated 
encephalomyelitis (ADEM) features, 
optic neuritis recurrence > myelitis 
(see the 2022 MOG-associated 
disorders diagnostic criteria?) 


CSF anti-GFAP IgG; 25% of patients 
have coexisting neoplasm or 
ovarian teratoma; concurrent 
meningitis, and encephalitis as 
those are the most frequent 
presenting syndromes (95%) as 
compared with myelitis (5%)°* 


Serum anti-Hu, collapsin response 
mediator protein-5 (CRMP-5), 
amphiphysin antibodies, and 
frequent oligoclonal bands; often 
associated with small cell lung and 
breast cancer, although others may 
be present” 
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Frequent presenting MRI 


Diagnostic biomarkers 
and clinical notes 


Temporal profile 


features and lesion patterns 


Myelopathies in systemic autoimmune or inflammatory granulomatous disorders 


Sarcoidosis- 
associated 
myelopathy 


Systemic lupus 
erythematosus (SLE)- 
associated 
myelopathy 


SjOgren-associated 
myelopathy 


Atopic myelitis and 
hyperlgEemic myelitis 
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Subacute, chronic 


Acute, subacute 


Subacute, chronic 


Chronic 


Longitudinally extensive with 
or without gadolinium 
enhancement or short- 
segment lesions, occasional 
posterior column tractopathy 
or central cord predominance 
or tumefactive or trident sign 
present 


Longitudinally extensive with 
or without gadolinium 
enhancement, short-segment 
lesions, almost half of these 
patients may present with 
acute vascular features 

(gray matter involvement, 
stroke type) 


Longitudinally extensive with 
or without gadolinium 
enhancement, occasional 
tractopathy type 


Cervical and thoracic cord 
involvement, short-segment 
lesions with or without patchy 
contrast enhancement; 
mostly posterior columns 


First sign of systemic sarcoidosis 
(approximately 70%), hilar 
lymphadenopathy, or lung 
involvement in chest CT scan; 
frequent concurrence of 
meningeal, cranial nerve, or 
encephalitic involvement; 
occasional CSF oligoclonal bands 
(see 2018 neurosarcoidosis 
diagnostic criteria) 


Serum antinuclear antibodies, anti- 
double-stranded DNA antibodies, 
anti-Smith antibodies, 
antiphospholipid antibodies, 
complement proteins; marked 
female predominance; two 
patterns of clinical presentation, 
acute paraplegia and subacute 
myelitis occur; acute paraplegia 
suggests SLE may trigger an acute 
vascular myelopathy in almost 50% 
of cases (see 2019 SLE diagnostic 
criteria®°) 


Serum anti-Ro/Sjégren syndrome A 
(SSA) and anti-La/Sjégren 
syndrome B (SSB) antibodies; CSF 
oligoclonal bands (50%); positivity 
of antibodies may overlap with 
other autoimmune myelopathies 
(eg, NMO); Sjögren syndrome- 
associated neuropathy more 
frequent than myelitis (see 2017 
Sjögren syndrome diagnostic 
criteria”) 


Serum elevated IgE, occasional CSF 
eosinophils, absent oligoclonal 
bands, elevated CSF CCL11 levels; 
seen in Japan and other Asian 
countries and strongly associated 
with atopic dermatitis, rhinitis, 
asthma”® 
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Frequent presenting MRI Diagnostic biomarkers 
Temporal profile features and lesion patterns and clinical notes 

Immune checkpoint Subacute Longitudinally extensive or Exposure to immune checkpoint 

inhibitor myelitis multiple short-segment inhibitors for treatment of cancer, 
lesions with or without patchy most of them non-small cell lung 
contrast enhancement; cancer; some with CSF oligoclonal 
concurrent evidence of brain, | bands; some may have 
meningeal, root, and nerve autoantibodies (eg, aquaporin 
involvement (70%) 4 IgG)? 

Tumor necrosis factor Subacute, chronic Multiple short-segment Exposure to TNF inhibitors for 

(TNF) inhibitor- lesions with or without treatment of systemic autoimmune 

associated myelitis contrast enhancement or disorders; frequent CSF oligoclonal 
longitudinally extensive bands; TNF inhibitors are 


associated with brain and optic 
neuritis more often than isolated 
myelopathies®” 


Noninflammatory Myelopathies 

Noninflammatory myelopathies are diagnosed when a constellation of vascular, 
structural, or metabolic disease mechanisms are involved rather than when 
inflammatory mechanisms lead to spinal cord dysfunction (TABLE 1-6”°”"). 
Toxic, genetic, and neoplastic processes (not discussed in this article) may also 
contribute to spinal cord pathology. The correct distinction between myelitis and 
noninflammatory myelopathies is important because their misdiagnosis 
frequently leads to unnecessary and potentially harmful immunologic therapies. 
Previous studies showed that approximately 20% to 25% of cases of “transverse 
myelitis” were associated with vascular etiologies, and almost 10% were 
structural myelopathies. 


VASCULAR MYELOPATHIES. Vascular myelopathies comprise two subgroups of 
spinal cord disorders: an acute group associated with acute ischemic injury 
produced by spinal cord strokes and another with chronic, evolving vascular 
malformations such as dural AVFs and AVMs. A bimodal age distribution 
characterizes the epidemiology of spinal cord strokes seen in young and older 
adults. In contrast, patients with dural AVF and AVM are more frequently male 
than the patients with spinal cord infarction. Patients with acute vascular 
myelopathies exhibited a hyperacute onset most often, whereas those with dural 
AVF and AVM etiologies showed a chronic evolution (FIGURE 1-4). Spinal cord 
imaging showing a lesion involving specific vascular distribution, a spinal cord 
watershed area, or selective involvement of the anterior horns of the cord is 
highly suggestive of acute vascular injury or ischemic stroke. Imaging features 
such as venous congestion, venous hypertension, and extensive longitudinal 
lesions in men older than 50 years are frequently associated with chronic vascular 
abnormalities such as dural AVFs and AVMs. Clinical predictors for acute 
ischemic spinal cord stroke diagnosis include a hyperacute temporal profile, new 
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TABLE 1-5 


Frequent presenting MRI 


Temporal profile features and lesion patterns 


Inflammatory Myelopathies Associated With Infections 


Diagnostic biomarkers and clinical 
notes 


Viral myelitis 


Enteroviruses: non- Acute 
polio enteroviruses, 

Coxsackie viruses, 

polio viruses 


Longitudinally extensive 
lesions, selective gray matter 
involvement, occasional 
dorsal brainstem signal 
abnormalities 


Herpesviruses 
Herpes simplex 
virus type 1 (HSV-1) 
and HSV-2 myelitis 


Acute, subacute Longitudinally extensive 
lesions, gray matter with or 
without contrast 


enhancement, tumefactive 


Acute, subacute Longitudinally extensive 
lesions, gray matter with or 
without contrast 
enhancement, short-segment 


lesions, occasional strokelike 


Varicella-zoster 
virus myelitis 


features 
Flaviviruses 
West Nile virus Acute Longitudinally extensive 
(WNV)-associated lesions, gray matter with or 
myelitis without contrast 
enhancement, radicular and 
cauda equina involvement 
Zika virus-associated Acute Longitudinally extensive 
myelitis lesions, gray matter with 
or without contrast 
enhancement, radicular and 


cauda equina involvement 
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Acute flaccid myelitis (acute flaccid 
myelitis [AFM]) is associated with 
upper respiratory infections by 
enterovirus D68, and Coxsackie 
virus presents with seasonal 
outbreaks in children; nasal swab 
polymerase chain reaction (PCR) for 
enterovirus D68 or PCR-stool 
sample for Coxsackie virus may 
support the diagnosis 


CSF PCR testing has low sensitivity 
in AFM (see AFM diagnostic 
criteria); polio viruses associated 
with vaccine-derived strains may 
affect unvaccinated subjects 


CSF PCR for HSV, HSV-2 more 
frequent than HSV-1 as etiology®° 


CSF PCR for varicella-zoster virus; 
immunosuppression is a risk factor, 
but it may occur in 
immunocompetent patients 


CSF WNV IgM, presents as poliolike 
or flaccid paralysis in endemic 
areas for WNV 


Zika virus-associated myelitis also 
presents as poliolike paralysis in 
endemic areas; Zika virus diagnosis 
is based on blood or urine PCR 
testing; Zika virus-associated 
Guillain-Barré syndrome is more 
common than Zika virus myelitis 
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Temporal profile 


Frequent presenting MRI 


features and lesion patterns 


rkers and clinical 


Retroviruses 
Human 
immunodeficiency 
virus (HIV)-vacuolar 
myelopathy or 
acquired 
immunodeficiency 
syndrome (AIDS)- 
associated 
myelopathy 


Human T-cell 
lymphotropic virus 
type 1 (HTLV-1)- 
associated 
myelopathy or 
tropical spastic 
paraparesis 


Bacterial myelitis 


Tuberculous myelitis, 
Mycobacterium 
tuberculosis (MTB) 


Brucella 
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Chronic 


Chronic 


Subacute, chronic 


Subacute, 
chronic 


Lateral column signal 
abnormalities, symmetric, 
tractopathy type 


Occasionally lesion-free MRI 
or atrophy mostly in the 
thoracic cord 


Longitudinally extensive or 
multiple short-segment 
lesions with or without patchy 
contrast enhancement, 
tumefactive (tuberculoma), 
with or without meningeal 
enhancement (arachnoiditis) 


Longitudinally extensive 
lesions with or without patchy 
contrast enhancement, 

with or without meningeal 
enhancement (arachnoiditis); 
spondylitis and 
spondylodiscitis may be 
present 


AIDS-associated myelopathy 
presents in severely 
immunosuppressed patients 


HTLV-1 antibodies in serum and 
CSF, positive PCR for HTLV-1 in 
blood and CSF* 


CSF exhibits high protein and low 
glucose levels, variable pleocytosis; 
MTB CSF cultures and Xpert MTB/ 
RIF and Xpert MTB/RIF Ultra 
(Cepheid) assays are 100% specific 
but have low sensitivity for 
diagnosis;°? diagnosis is often 
made after demonstration of 
tuberculosis in other samples; 
paradoxical MTB myelitis may 
present after tuberculosis 
treatment is implemented; MTB 
myelitis is seen more often in 
African and Asian countries and is 
associated with HIV infection®? 


Serum Brucella IgG and IgM 
antibodies, Brucella 
microagglutination test (acute and 
convalescent), or CSF Brucella PCR 
or CSF culture; epidemiologic 
history or travel to the 
Mediterranean, Central and South 
America, Asia, Africa, and the 
Middle East 
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Temporal profile 


Frequent presenting MRI 


features and lesion patterns 


Diagnostic biomarkers and clinical 
notes 


Lyme disease myelitis, 
Borrelia burgdorferi 
(North America) 
Borrelia afzelii and 
Borrelia garinii 
(Europe) 


Syphilitic myelitis, 
Treponema pallidum 


Parasitic myelitis 


Schistosomiasis 
myelopathy, 
Schistosoma mansoni 
(Africa, Southeast 
Asia, Brazil, Venezuela, 
and the Caribbean), 
Schistosoma 
haematobium (Africa, 
Southeast Asia, and 
the Middle East), and 
Schistosoma 
japonicum (China, 
Indonesia, and the 
Philippines) 


Toxocara myelitis, 
Toxocara canis 


Postinfection myelitis 


Mycoplasma 
pneumoniae 
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Subacute, 
chronic 


Subacute, 
chronic 


Subacute, chronic 


Subacute, chronic 


Acute, subacute 


Longitudinally extensive 
lesions with or without patchy 
contrast enhancement, or 
short-segment lesions with or 
without meningeal 
enhancement (arachnoiditis); 
epidural abscess may occur 


Longitudinally extensive or 
multiple short-segment 
lesions with or without patchy 
contrast enhancement, 
tumefactive, with or without 
meningeal enhancement 


Lumbar longitudinally 
extensive or short-segment 
lesions with or without patchy 
contrast enhancement, 
tumefactive, conus and cauda 
equina predilection, with or 
without meningeal and 
radicular enhancement 


Longitudinally extensive or 
short-segment lesions with or 
without patchy or nodular 
contrast enhancement 


Lumbar longitudinally 
extensive or short-segment 
lesions with or without patchy 
contrast enhancement 


CSF Lyme disease IgG and IgM 
antibodies, CSF PCR for Borrelia 
burgdorferi; painful 
meningoradiculitis may be present 
(European forms of Lyme disease)°* 


CSF Venereal Disease Research 
Laboratory (variable sensitivity 30- 
70%), CSF T. pallidum hemagglutinin 
test, and CSF PCR (sensitivity 
42-76%, specificity 87-92%) are 
used for diagnosis; frequently 
associated with HIV infection® 


Visualization of Schistosoma eggs 
in feces or urine supports 
diagnosis; travel to endemic areas 
or residence in endemic areas is an 
epidemiologic clue; serum anti- 
Schistosoma antibodies may help in 
identification in travelers to 
endemic areas with suspected 
myelopathy, variable sensitivity®® 


Serum anti-Toxocara antibodies, 
CSF may be normal®” 


Serum and CSF anti-Mycoplasma 
IgM and IgG; occasional blood and 
CSF eosinophilia; myelitis develops 
1-2 weeks after prodromal illness 
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The Spectrum of Noninflammatory Myelopathies 


Frequent presenting neuroimaging 


TABLE 1-6 


Diagnostic biomarkers 


Temporal profile 


Acute vascular myelopathies 


Spinal cord stroke 
acute 


Chronic vascular myelopathies 


Dural arteriovenous Chronic 
fistulas 


Arteriovenous 
malformation (AVM) 


Spinal cavernous 
malformations 


Structural myelopathies 


Cervical spondylotic Chronic 
myelopathy 
Degenerative spine- Chronic 


associated myelopathy 
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Hyperacute, 


Acute, chronic 


Acute, chronic 


features and lesion patterns 


T2 longitudinally extensive or short- 
segment lesions, gray matter 
predominance, lacks enhancement in the 
acute stage (0-72 hours); lesion edema 
and enhancement may occur after 

72 hours; owl eyes or snake eyes sign 


T2 longitudinally extensive lesions, 
thoracolumbar cord, central cord 
involvement, with or without subtle 
contrast enhancement, flow-voids on 
the cord surface (dilated venous plexus); 
missing piece sign (40% of cases) in 
enhancing lesions; spinal angiography is 
the gold standard for diagnosis 


Typically seen in the thoracic cord 
region, intranidal or arterial aneurysms 
may be present (30-40%); spinal 
angiography is the gold standard for 
diagnosis 


Heterogeneous signal abnormalities in 
Ti-weighted and T2-weighted images, 
popcornlike signal abnormalities, 
occasional well-circumscribed T2 low- 
intensity rim 


Degenerative changes of the cervical 
spine, disks, canal stenosis, spinal cord 
T2 signal abnormalities, tumefactive 
appearance, contrast-enhanced lesion, 
pancake sign; flexion-extension x-rays, 
CT myelography help assess stenosis 
and compression 


Ossification of the posterior longitudinal 
ligament and ligamentum flavum, 
degenerative disk disease, and canal 
stenosis; cervical spine > thoracic spine, 
variable spinal cord compression, focal 
signal abnormalities in T2-weighted and 
Ti-weighted contrasted sequences 


and clinical notes 


Abrupt onset of back pain, 
normal CSF in acute stage, may 
have mild pleocytosis and 
increased CSF protein after 

72 hours"? 


Male predominance, older 
adults, worsens with exercise 
or steroid treatments, high 


protein in CSF, no pleocytosis'®?? 


Spontaneous or congenital 
high-flow vascular lesions may 
manifest as acute subarachnoid 
hemorrhage or hematomyelia 
(50% of cases)? 


Rare slow-flow AVM; frequent 
incidental findings but 
occasional acute neurologic 
symptoms due to spontaneous 
bleeding”? 


The most frequent form of 
noninflammatory myelopathy in 
the general population; age- 
dependent onset, repetitive 
movement, and trauma” 


Age-dependent, genetic 
factors influence the 
ossification of the posterior 
longitudinal ligament, which is 
more common in men whereas 
ossification of the ligamentum 
flavum occurs more often in 
women 
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Temporal profile 


Frequent presenting neuroimaging 


features and lesion patterns 


Diagnostic biomarkers 


Syringomyelia Chronic 


Arachnoid cyst or 
arachnoid web 


Epidural abscess 


Epidural lipomatosis Chronic 

Spinal cord herniation Subacute, 
chronic 

Tumefactive dural Chronic 

disease 

Hirayama disease or Chronic 

monomelic amyotrophy 

Tuberculous spondylitis Chronic 

or Pott disease 

Metabolic myelopathies 
Vitamin Biz deficiency or Subacute, 
subacute combined chronic 


degeneration 
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Chronic, episodic 


Acute, subacute 


Intraaxial cystic lesion seen in T2- 
weighted images; CT myelography may 
be helpful to characterize subarachnoid 
blockage; syrinx is a fluid-filled cyst 
whereas hydromyelia is an abnormal 
dilatation of the central canal 


Widening of the posterior CSF space in 
sagittal imaging (scalpel sign) and 
displacement of the thoracic cord; 
intraaxial cord lesion or syrinx may be 
associated 


Discitis, osteomyelitis, and T2 increased 
signal epidural abnormality and T1 low 
signal intensity; diffusion-weighted 
imaging sequences show restricted 
diffusion in epidural fluid collection; 
mass effect leading to cord compression 


T1 increased signal in the thoracic or 
lumbar epidural space, and cord 
compression in severe cases; dural sac 
narrowing (Y sign) 


Anterior or lateral focal displacement of 
the cord, abrupt kink, lower cervical and 
upper thoracic region, scalpel sign 


Tl and contrasted pachymeningeal 
abnormality, dural mass lesions, 
cervical > thoracic spine, mass effect 
leads to cord compression 


Posterior dural sac displacement, lower 
cervical region, spinal cord atrophy, and 
ischemic cord changes (owl eyes sign) 


Vertebral body osteomyelitis, 
intervertebral discitis, lower thoracic and 
upper lumbar spine 


T2 posterior column signal abnormalities, 
tractopathy type, V sign, cervical cord > 
thoracic cord, lateral corticospinal tract 

involvement can occur; rarely enhancing 
lesion 


Associated with Chiari 
malformation, dysraphism, 
tethered cord syndrome, 
remote history of trauma, 
meningitis or arachnoiditis 


Episodic weakness, spastic 
paraparesis, and gait 
disturbance 


Male predominance, older 
adults, or risk factors (eg, 
diabetes, human 
immunodeficiency virus [HIV] 
infection, immunosuppression, 
IV drug use, trauma, or surgery) 


Chronic use of steroids, 
Cushing syndrome, or obesity 
are main risk factors 


Remote history of trauma or risk 
factors for dural tear (eg, 
collagen disorders), calcified 
bone spurs, disk protrusion 


Pachymeningitis, sarcoidosis, 
|gG4-related, Erdheim-Chester 
disease, and others 


Displaced dura mater 
compression of the posterior 
aspect of the spinal cord during 
flexion of the neck 


Associated with 
Mycobacterium tuberculosis 
infection 


Low vitamin Bz (20-30% of the 
patients have normal levels), 
high methylmalonic acid and 
homocysteine; vegetarian diet, 
exposure to nitrous oxide gas, 
recreational drugs such as 
“whippets,” methotrexate, 
proton-pump inhibitors; gastric 
surgery or atrophic gastritis 
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Frequent presenting neuroimaging Diagnostic biomarkers 
Temporal profile features and lesion patterns and clinical notes 
Copper deficiency Chronic T2 posterior column signal abnormalities, Low levels of copper, 
tractopathy type occasionally elevated zinc 


levels; associated with 
malabsorption, high intake of 
zinc in diet or drug 
supplements, gastric or 
bariatric surgery, IV nutrition, 
enteropathies; it can be 
associated with neuropathy 


Other noninflammatory myelopathies 


Radiation-induced Chronic T2 longitudinally extensive lesions, Location may be related to the 

myelopathy thoracic > cervical, tumefactive, whole radiation field, onset from 
axial cord > central cord lesion > radiation (6-24 months); 
posterior; occasional intralesion low- radiation injury to endothelial 
intensity lesions (blood); Ti contrast cells and blood vessels 
enhancement (40-45% patients) possibly associated with 


ischemic injury 


onset of back pain, flaccid weakness, and extensive longitudinal lesions on MRI 
as illustrated in FIGURE 1-9.°° Clinical predictors of a diagnosis of chronic 
evolving vascular myelopathies associated with dural AVF and AVM include 
older age, male sex, chronic evolution of symptoms, bladder or bowel 
dysfunction, worsening symptoms with exercise, flaccid weakness, and 
involvement of the conus medullaris*® as illustrated in CASE 1-1. 


STRUCTURAL MYELOPATHIES. Structural causes of myelopathy are frequently 
associated with cervical spondylosis, disk herniations, spinal cord syrinx, and, 
less frequently, epidural lipomatosis, Chiari malformation with cord 
compression, dorsal arachnoid web, and spinal cord herniation. Clinical 
predictors for an accurate diagnosis of spondylotic myelopathy include age, male 
sex, chronic evolution of symptoms, and presence of central signal intensity 
abnormalities in axial views of the cervical spinal cord. Structural myelopathies 
are also associated with extraaxial compression produced by ossification of the 
posterior longitudinal ligament and ligamentum flavum, disk calcification, 
hypertrophy of facet joints, and marginal osteophytes. Clinical assessment and 
neuroimaging studies provide an accurate diagnosis in these cases. As in 
spondylotic myelopathy, most diagnostic clues include age, male sex, and 
chronicity of symptoms. 

In some cases, acute-onset structural myelopathies related to cord 
compression are associated with extradural hematomas and epidural abscesses. A 
frequently ignored structural myelopathy is spinal lipomatosis, which may be 
present in patients with a history of obesity and chronic use of steroids. Spinal 
lipomatosis may lead to cord compression and chronic myelopathic disturbances 
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as illustrated in FIGURE 1-6. Arachnoid cysts, arachnoid webs, and idiopathic 
spinal cord herniation are conditions frequently localized in the spinal canal of 
the thoracic spine that produce myelopathic symptomatology primarily 
associated with the compressive nature of the lesion. Spinal cord herniations 
are associated with dural tears, which may be produced by an osteophyte, 
disk calcification, or connective tissue disorders, which frequently localize in 
the ventral region of the thoracic spine between the T4 to T7 spine regions. 
Occasionally, some systemic inflammatory conditions may produce 

extraaxial pathology through involvement of the spinal dura mater, such as in 
idiopathic hypertrophic pachymeningitis, sarcoidosis, Erdheim-Chester disease, 
and IgG4-related disorders. A rare form of structural myelopathy is Hirayama 
disease (monomelic hemiatrophy). This disorder is associated with anteriorly 
displaced dura mater that compresses the posterior aspect of the spinal cord 
during flexion of the neck, producing a mechanical effect that leads to focal 
ischemia of the anterior or anterior and lateral horns of the gray matter (snake 
eyes or owl eyes signs in T2-weighted imaging) and subsequent focal 
myelomalacia. 


METABOLIC MYELOPATHIES. Metabolic myelopathies include vitamin B,, deficiency 
producing subacute combined degeneration, copper deficiency, and 
mitochondrial disorders. In the assessment of metabolic myelopathies, historical 
clues such as a vegetarian diet, previous gastrointestinal surgery including 
bariatric surgery, recreational use of nitrous oxide, and chronic use of 
medications such as metformin, histamine receptor 2 antagonists (H2 blockers), 
and proton pump inhibitors”? help focus the diagnosis on metabolic disturbances. 
One of the most frequent metabolic complications is vitamin B}, (cobalamin) 
deficiency, which produces subacute combined degeneration, a form of 
myelopathy that affects white matter tracts, particularly posterior columns, and 
has a tractopathy-type pathology in the spinal cord. Blood should be tested for 
vitamin B,, concentration along with methylmalonic acid and homocysteine. In 
addition, patients with suspected metabolic myeloneuropathy should also be 
tested for copper, zinc, and vitamin E, as well as plasma and urine amino acids, 
particularly if imaging evidence supports posterior tract or symmetric 
corticospinal tract involvement or both (eg, tractopathies). In some 
circumstances, additional genetic testing and counseling should help evaluate the 
possibility of metabolic disturbance. 


CONCLUSION 

Myelopathies comprise a broad group of clinical conditions associated with 
diverse pathogenic mechanisms categorized as inflammatory and 
noninflammatory. A comprehensive diagnostic approach in myelopathies should 
include the clinical history and neurologic assessment combined with the use of 
neuroimaging techniques and biomarkers of disease. Taking advantage of 
introducing novel immune biomarkers in blood and CSF analysis in the 
diagnostic equation of myelopathies provides a precise etiologic diagnosis to 
facilitate effective treatment leading to better outcomes. This approach will 
replace the obsolete diagnosis of transverse myelitis and introduce a model of 
high-precision medicine, which should include not only an emphasis on 
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diagnosis but also on models of prevention, neurologic rehabilitation, and 


recovery. 
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Structural Myelopathies 


By Ligia V. Onofrei, MD 


ABSTRACT 

oBJECTIVE: This article illustrates the clinical importance, diagnosis, and 
management of degenerative and nondegenerative structural 
myelopathies. It also aims to create a diagnostic approach for the 
evaluation of patients with suspected degenerative myelopathies. 


LATEST DEVELOPMENTS: There is considerable interest in developing diagnostic 
methods that can assist in deciding if surgery is indicated in patients with 
structural myelopathy and the optimal timing for surgery. Diffusion tensor 
imaging has emerged as a promising imaging modality although it is not used 
routinely in clinical practice. Neuroprotective medications and interventions 
are being studied in patients with degenerative myelopathies. 


ESSENTIAL POINTS: Structural myelopathies and particularly degenerative 
myelopathies are common disorders that are routinely encountered in 
clinical practice, with symptoms that frequently overlap with other 
neurologic disorders. The prompt diagnosis and treatment of patients are 
essential in achieving good functional outcomes. 


INTRODUCTION 
yelopathies due to structural abnormalities are commonly 
encountered in clinical practice. The focus of this article is on 
degenerative myelopathies, which are the most common cause 
of myelopathy worldwide.* Additionally, this article discusses 
causes of structural myelopathy that are less commonly 
encountered, including Hirayma disease, arachnoid cysts, syringomyelia, and 
idiopathic spinal cord herniation. 


DEGENERATIVE MYELOPATHIES 

In the simplest terms, degenerative myelopathies are characterized by clinical 
symptoms of spinal cord dysfunction caused by compression of the spinal cord 
due to degenerative changes in the spine. Despite being very common, 
myelopathies have a highly heterogeneous clinical presentation and course, with 
phenotypes that overlap with several disorders, introducing complexity in their 
diagnosis and management. 


Epidemiology and Pathophysiology of Degenerative Myelopathies 

Most data on degenerative myelopathy are derived from studies of degenerative 
cervical myelopathy because most degenerative changes affect the cervical and 
lumbar spine rather than the thoracic spine. The spectrum of degenerative 
cervical myelopathy encompasses the full range of anatomic abnormalities that 
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can result in a decreased cross-sectional area of the spinal canal, including 
spondylotic myelopathy (eg, osteoarthritic changes, disk disease), cervical 
spondylolisthesis (ie, anterior or posterior displacement of rostral vertebrae 
when compared with immediately caudal vertebrae), nonosteoarthritic 
degeneration (eg, posterior longitudinal ligament and ligamentum flavum 
ossification), and congenital and inherited factors (eg, congenital canal stenosis, 
Klippel-Feil syndrome, and Down syndrome).* In most patients, stenosis is 
caused by an accumulation of multiple anatomic changes. 

It is difficult to correctly estimate the prevalence and incidence of degenerative 
cervical myelopathy because of several factors, including a paucity of studies and 
the genetic variability in the propensity to develop myelopathy across the world. 
Degenerative cervical myelopathy due to ossification of the posterior longitudinal 
ligament is more common in Asian populations than in White populations, but 
patients from all genetic backgrounds have not been adequately studied. The 
biggest barrier to determining the prevalence of degenerative cervical myelopathy 
is that patients may have subtle symptoms that are not brought to medical 
attention or are misattributed to other disorders, sometimes for years. Most of the 
information regarding epidemiology is derived from data pertaining to 
hospitalization or surgical treatment of myelopathy, which skews the data to more 
severe, symptomatic cases. One study in a large cohort in eastern Asia estimated 
the incidence of degenerative cervical myelopathy-related hospitalizations to be 
4.04 per 100,000 person-years.” A meta-analysis concluded that, although the 
prevalence of surgically treated cervical myelopathy was 1.6 per 100,000 people, 
there are no published data that provide an accurate estimate of the total burden of 
degenerative cervical myelopathy in the general population.* Factors that increase 
the risk of degenerative cervical myelopathy include male sex, age, smoking, Asian 
ethnicity, and occupational risk factors.”? 

Degenerative thoracic myelopathy is much rarer and much less studied than 
degenerative cervical myelopathy. A 15-year study in Japan showed that the rate 
of surgical intervention in degenerative thoracic myelopathy was 0.9 per 
100,000 inhabitants.’ Similar to degenerative cervical myelopathy, male sex was 
associated with a higher incidence of degenerative thoracic myelopathy.’ 

The pathophysiology of degenerative cervical myelopathy is influenced by 
static, dynamic, and biomolecular factors.”° Static compression of the spinal 
cord is the result of the accumulation of degenerative abnormalities and is the 
most easily understood part of the myelopathy. When patients move, the cross- 
sectional area of the spinal canal changes dynamically, further contributing to 
spinal cord compression. Cervical spondylosis encompasses degenerative and 
osteoarthritic changes of the intervertebral disk, cervical joints (including 
facets), and ligamentous structures of the cervical spine. In most patients, the 
cascade of degenerative changes begins with abnormalities of the disks. Disk 
degeneration, migration, and resultant disk height loss lead to narrowing of the 
spinal canal diameter and possible direct compression of the spinal cord, as well 
as altered biomechanics of the cervical spine, hypertrophy of the ligamentum 
flavum, laxity of facet joints, and strain and hypertrophy of the spinal joints.° 
Some patients also develop spondylolisthesis, which further accelerates 
progression. The most commonly affected levels in order of frequency are C5 to 
C6, C4 to C5, and C6 to C7.” 

Ossification of the posterior longitudinal ligament is a less common 
abnormality that can also contribute to narrowing of the spinal canal and 


FEBRUARY 2024 


mechanical compression of the spinal cord. Ossification of the posterior 
longitudinal ligament is characterized by both hypertrophy and bone 
formation within the ligament.’ Although certain genetic factors increase 

the likelihood of developing ossification of the posterior longitudinal 

ligament at any age, it is most frequent in older patients.’ In the United States, 
ossification of the posterior longitudinal ligament is found in 0.1% of patients 
whereas in a Japanese population the prevalence has been estimated at 1.9% 
to 4.3%.” 

Although both static and dynamic factors clearly affect the development of the 
clinical symptoms of myelopathy, superimposed biomolecular factors modulate 
changes at the cellular level.° The biomolecular phenomena affecting the cervical 
cord in degenerative cervical myelopathy are distinct from acute spinal cord 
injury.’ Chronic compression results in chronic stretching of the spinal cord and 
subsequent chronic reduction of the intraparenchymal spinal cord blood flow, 
which results in chronic hypoxic and ischemic injuries.*® Chronic ischemia, in 
turn, causes further abnormalities by activating a characteristic immune 
response and causing chronic neuroinflammation in addition to disrupting the 
blood-spinal cord barrier.>*® The combination of these cellular phenomena can 
ultimately cause apoptosis of both neurons and oligodendrocytes, which has been 
demonstrated in postmortem analyses of spinal cords of patients with clinical 
myelopathy.° Although decompression of the spinal cord in experimental rat 
models of degenerative cervical myelopathy reduced apoptotic cell death, 
surgery did not eliminate apoptotic cell death, confirming that the initial cascade 
of cellular changes caused by mechanical compression has lasting effects on cell 
function.’ It is possible that the changes that occur at the cellular level explain the 
heterogeneity of clinical symptoms in patients with seemingly similar degrees of 
cervical cord compression. Eventually, the accumulation of the static, dynamic, 
and molecular changes results in atrophy of the gray matter and demyelination of 
the white matter.>* 

It is assumed that the pathophysiology of degenerative thoracic myelopathy is 
similar to cervical myelopathy; however, this has not been confirmed in animal or 
human studies. Similar to myelopathy in the cervical spine, degenerative thoracic 
myelopathy is caused by spondylotic abnormalities (disk degeneration, 
osteoarthritic changes) as well as ossification of the ligamentum flavum and the 
posterior longitudinal ligament.”? One unique factor in the thoracic spinal cord is 
the presence of a watershed area, which may predispose patients to develop 
myelopathy with smaller degrees of compression.’ Ossification of the posterior 
longitudinal ligament most commonly affects the upper and middle thoracic spine. 
The T10 and T11 segments are the most mobile segments in the thoracic spine and 
are also the most likely to have ossification of the ligamentum flavum.’ 


Clinical Presentation of Degenerative Myelopathies 

Degenerative thoracic and cervical myelopathies have overlapping clinical 
presentations, and the subsequent sections explore the characteristic clinical 
symptoms and the physical examination findings for both patient groups. 


DEGENERATIVE CERVICAL MYELOPATHY. Most patients with degenerative cervical 
myelopathy begin experiencing symptoms after age 50, but symptoms can occur 
at any age.*° In general, degenerative myelopathies have a gradual onset and 
progression. It is unusual for degenerative myelopathies to present abruptly. 
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KEY POINTS 


@ Degenerative 
myelopathies are 
characterized by clinical 
symptoms of spinal cord 
dysfunction due to 
compression of the spine. 


@ Among structural 
myelopathies, degenerative 
cervical myelopathies are 
the most common and are 
caused by an accumulation 
of degenerative 
abnormalities. 


@ Chronic compression of 
the spinal cord results in 
hypoxic and ischemic 
changes that ultimately 
cause apoptosis of neurons 
and oligodendrocytes. 


@ Approximately 40% of 
patients with degenerative 
cervical myelopathy have 
superimposed 
radiculopathy. 


@ Characteristic symptoms 
of dexterity abnormalities in 
the setting of myelopathy 
include difficulties with 
buttoning shirts, 
manipulating eating utensils, 
and grasping zippers. 
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Notable exceptions include patients with preexisting degenerative myelopathy 
who sustain an acute trauma or are positioned in flexion or extension for a 
prolonged period (eg, having one’s neck extended during a dental procedure or 
intubation). In these situations, patients may have an acute presentation of 
myelopathy over days to weeks, with symptoms that are identical to a 
degenerative, slow-onset myelopathy. 

One of the most common misconceptions about cervical myelopathy is 
that pain is a significant manifestation of spinal cord dysfunction. Although 
patients with cervical myelopathy can have neck pain, it is not a symptom 
specific to cervical myelopathy and is caused by abnormalities of the structures 
surrounding the spinal cord rather than by dysfunction of the spinal 
cord itself. These abnormalities may include facet arthropathy, scoliosis, 
degenerative abnormalities of the vertebral bodies, and degenerative disk 
disease. Myofascial pain is also often present. Neck pain is quite common 
in the general population, with point prevalence estimates of up to 15%.” There 
are few studies looking at the prevalence of pain specifically in patients with 
degenerative cervical myelopathy, but one large-scale study estimated that up to 
60% of patients with degenerative cervical myelopathy may have moderate or 
severe neck pain, whereas approximately 20% of patients had mild pain and 
approximately 20% of patients had no pain.” Pain may be a prominent symptom 
in patients with degenerative cervical myelopathy if they have a concomitant 
cervical radiculopathy. If cervical radiculopathy is present, patients may have 
pain in the neck, shoulder, or periscapular region, as well as pain and sensory 
symptoms in the distribution of the affected dermatome. Concomitant 
radiculopathy may be present in approximately 40% of patients with 
degenerative cervical myelopathy.*° The absence of prominent pain in patients 
with cervical myelopathy without associated radiculopathy often introduces 
delays in diagnosis and treatment. 

The symptoms of cervical myelopathy exist along a spectrum of severity. Patients 
typically have an insidious onset over months to years. Myelopathy symptoms are 
phenotypically similar to symptoms that occur in the course of aging or those that 
are caused by other disorders, making diagnosis challenging (CASE 3-1). 

Dexterity changes are one of the most characteristic symptoms of 
degenerative cervical myelopathy. Initially, patients may notice only mild 
changes in dexterity. Patients often report dropping objects, but more sensitive 
manifestations of myelopathy include difficulty with manipulating eating 
utensils, buttoning a shirt, grasping zippers, or grasping and manipulating small 
objects such as writing utensils. Eventually, patients may report frank and 
progressive weakness of the hands, which can significantly impair activities of 
daily living.*° Frequent confounding issues in the assessment of dexterity include 
the presence of hand arthritis, superimposed mononeuropathies (eg, carpal 
tunnel or cubital tunnel syndrome), peripheral neuropathies, superimposed 
central nervous system dysfunction (eg, Parkinson disease, stroke, multiple 
sclerosis), and deconditioning. 

Although lower extremity symptoms are typically symmetric in patients 
with degenerative cervical myelopathy, upper extremity symptoms may be 
symmetric or asymmetric, both in terms of reported severity and objective 
clinical findings, introducing an additional layer of complexity.*° 

Sensory symptoms are common in degenerative cervical myelopathy, but the 
pattern is often nonspecific. Paresthesia is most common in the hands, reported 
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by 65% of patients with degenerative cervical myelopathy in one study.” The 
pattern is often vague with most patients reporting paresthesia of the entire hand 
(glovelike pattern), and some reporting paresthesia to the level of the forearm.*® 
Clinically, symptoms may overlap with features of carpal tunnel syndrome, 
cubital tunnel syndrome, or peripheral neuropathy. Sensory abnormalities may 
also be present in the lower extremities and trunk.” The Lhermitte sign has also 


A 73-year-old man presented for a routine annual clinic visit. In the course CASE 3-1 
of the evaluation, he reported intermittent paresthesia in both hands with 
no clear trigger. He was generally healthy, and previous screening for 
diabetes was negative. He had a previous history of cervical fusion from 
C4 to C6, which was done because of severe cervical radiculopathy 
affecting his left arm. He was active around the house and walked with his 
spouse a few times a week for exercise. He had noticed the symptoms for 
a few months, but he did not think they were bothersome enough, and he 
was not interested in further workup. 

Three months later, he returned to his primary care physician because 
of several recent falls, which happened while gardening. He had never 
had difficulties walking in his yard, but after his second severe fall, he 
sought evaluation. He continued to have paresthesia in his hands; it was 
not very bothersome, but all his fingers seemed to be affected. On 
further directed questioning, he reported having more issues with 
buttons and zippers and occasionally dropping his eating utensils, 
although he had previously attributed symptoms to arthritis. He had some 
neck pain, which had been chronic since having his radiculopathy many 
years before, but it was not worse than his usual pain. On examination, his 
primary care physician noted intact strength except for decreased finger 
abduction strength, mildly brisk reflexes throughout, and mildly 
decreased pinprick sensation in his hands, absent vibration at his toes, 
and reduced vibration at his ankles. The patient was referred for nerve 
conduction studies and EMG of both upper extremities and MRI of his 
cervical spine. The nerve conduction studies and EMG demonstrated a 
chronic left C6 radiculopathy and the MRI showed severe spinal stenosis 
at the C3 to C4 level, above the level of the fusion. 


This case illustrates a typical presentation of myelopathy with an insidious COMMENT 
onset of symptoms over many months to years. The nonspecific nature of 
the symptoms can introduce delays in diagnosis. Similarly, because of the 
absence of significant pain, patients may not be concerned if they have no 
significant functional difficulties, so it is important to maintain a high index 
of suspicion and consider close longitudinal clinical monitoring and obtain 
advanced imaging if myelopathy is suspected. Patients with previous 
cervical surgeries are especially at risk for adjacent segment degeneration. 
Patients are often referred for electrodiagnostic testing because of the 
presence of nonspecific paresthesia, which may mimic the clinical 
presentation of a mononeuropathy. 
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been reported with cervical flexion or extension.’° The lower extremities are 
most significantly affected by dorsal column dysfunction, which manifests as 
impaired proprioception. The combination of impaired proprioception and 
variable weakness in the lower extremities contributes to gait instability. 

Gait dysfunction is another key clinical feature of myelopathy. Gait 
dysfunction may be subtle initially, manifesting with a subjective sense of 
imbalance, mild changes in the speed of ambulation, or tripping. As symptoms 
progress, patients may develop more significant ambulation issues and falls due 
to a combination of sensory and motor abnormalities. In patients with advanced 
myelopathy, gait may appear spastic. Patients may have difficulty rising from 
chairs because of proximal leg weakness.*° Frequent confounding issues include 
arthritis (such as arthritis of the feet, ankles, knees, and hips), degenerative 
disorders of the lumbar spine, peripheral neuropathies, or superimposed central 
nervous system disorders (eg, Parkinson disease, stroke). 

Although urinary issues such as urinary frequency, urgency, or hesitancy are 
potential symptoms of degenerative cervical myelopathy, they are typically not 
clinically prominent. In general, the presence of advanced urinary symptoms 
such as retention or incontinence is a sign of more advanced myelopathy and 
represents a poor prognostic sign (TABLE 3-1).*° 


Symptoms of Degenerative Cervical Myelopathy 


Hand dexterity abnormalities 

+ Difficulties with buttons and zippers 

+ Difficulties with manipulating small objects and utensils 

+ Difficulty with writing 

Sensory symptoms 

@ Paresthesia, most commonly in the hands and in a glovelike distribution 
@ Paresthesia may also be present in the legs and trunk in a nonspecific pattern 
 Proprioception deficits in the legs leading to gait dysfunction 

Gait dysfunction 

@ Subjective imbalance 

+ Changes in gait speed 

® Tripping 

+ Falls 

+ Difficulties standing from a seated position 

+ Difficulties with navigating uneven surfaces and stairs 

Bladder dysfunction 

@ Increased frequency 

Urgency 

@ Hesitancy 

Retention 


@ Incontinence 
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DEGENERATIVE THORACIC MYELOPATHY. Although most lower extremity symptoms 
in degenerative thoracic myelopathy are similar to lower extremity symptoms in 
degenerative cervical myelopathy, there are some important differences. It is also 
important to remember that the thoracic spine is quite long compared with the 
cervical and lumbar spine segments, and it is therefore helpful to divide the 
thoracic spine into different segments when discussing symptoms; certain 
symptoms are more common in the upper than the lower portion of the thoracic 
spine.“ The T1 to T4 segment is defined as the upper level, the T5 to T8 segment 
is defined as the middle level, and the T9 to T12 segment is defined as the lower 
level.“ Generally, the lower thoracic spine is most frequently affected by 
degenerative myelopathy, followed by the middle and upper thoracic 

spine segments.””"* 

Similar to degenerative cervical myelopathy, patients with degenerative 
thoracic myelopathy report gait dysfunction, leg weakness, and lower extremity 
paresthesia.” Also similar to degenerative cervical myelopathy, bowel and 
bladder dysfunction is not a typical or frequent symptom, particularly in the 
initial phase.”** Leg pain is a less frequent symptom, more commonly reported in 
patients with lower thoracic dysfunction.’* Back pain is a more prominent 
symptom in degenerative thoracic myelopathy. The level of thoracic spine 
involvement tends to correlate with the location of the pain, with the upper and 
middle thoracic segments causing upper and middle back pain and pathology in 
the low thoracic segment causing lower back pain.” Pelvic girdle pain, although 
present in approximately one-third of patients, is more likely to be present in 
patients with upper and middle thoracic pathology (TABLE 3-2).”* 


PHYSICAL EXAMINATION FINDINGS ASSOCIATED WITH DEGENERATIVE MYELOPATHIES. In 
patients with cervical myelopathy, assessment of hand function and strength is 
key in understanding if subjective dexterity deficits are caused by hand 
weakness. Patients with cervical myelopathy develop the so-called myelopathy 
hand, which is characterized by hand muscle wasting and weakness even in the 
absence of prominent sensory symptoms or gait abnormalities.” 
Characteristically, patients develop wasting of hand muscles as well as medial 
(ulnar side) forearm muscles.” Clinically, to determine if abnormalities are 
present, the examiner should assess muscle bulk of the hand, noting any atrophy 
of the thenar, hypothenar, and interossei muscles (particularly the first dorsal 
interosseous of the hand). One possible explanation for the hand abnormalities is 
that atrophy of the hand muscles is caused by anterior horn cell dysfunction, 
which may in turn be caused by direct compression of the anterior horn cells at 
the C8 to T1 levels.*® Abnormalities in a C8 to T1 distribution can also be seen 
with higher-level cervical lesions, although the anatomic explanation for this 
finding is unclear.*° One proposed mechanism is that arterial and venous 
insufficiency may either contribute to anterior horn cell dysfunction or cause 
dysfunction of the C8 to T1 nerve roots. Although cervical myelopathy is a 
process characterized by an upper motor neuron pattern of weakness and 
symptoms, the findings associated with the myelopathic hand are uniquely those 
of lower motor neuron dysfunction. 

Although frank weakness of additional muscles may be present, this is not 
typical in the initial clinical phase. Weakness of hip flexors may also be an early 
finding.*° If compressive cervical myelopathies remain untreated beyond the 
initial phase, patients may develop subtle diffuse weakness of both upper and 


CONTINUUMJOURNAL.COM 


KEY POINTS 


@ Sensory abnormalities are 
common in degenerative 
cervical myelopathy but 
typically are mild and have a 
nonspecific, glovelike 
pattern. 


@ Proprioception deficits 
are prominent in patients 
with degenerative cervical 
myelopathy, leading to gait 
impairment. 


@ Urinary symptoms are 
infrequent on initial 
presentation of 
degenerative cervical 
myelopathy and, when 
present, suggest advanced 
myelopathy and poor 
prognosis. 


@ Hand weakness and 
atrophy are characteristic 
findings in degenerative 
cervical myelopathy 
regardless of the level of 
maximal compression. 


@ Hyperreflexia is a 

frequent finding but is not 
present in all patients with 
degenerative myelopathy. 
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lower extremities. Patients may also develop weakness with a lower motor 
neuron pattern of dysfunction at the level of maximal compression due to direct 
compression of the anterior horn cells, although this is not a common finding.*° 
If a superimposed radiculopathy is present, patients may also develop weakness 
in a myotomal pattern. 

Assessment of reflexes is another important component of the physical 
examination. Patients may develop hyperreflexia below the level of the lesion or 
compression. It is important to note that hyperreflexia may not always be 
present, especially early in the course or in patients with multiple medical 
issues.” In one study of patients with degenerative cervical myelopathy and 
resulting fluid-attenuated inversion recovery (FLAIR) hyperintensities, 
excluding patients with comorbidities that may affect reflexes, hyperreflexia was 
seen in 94% of patients, the Hoffman sign in 81% of patients, a positive Babinski 
sign in 53% of patients, and ankle clonus in 35% of patients.” In contrast, the 
Hoffman sign has been reported to be present in 0.3% to 2% of healthy adults.’® If 
cervical compression occurs at a high cervical level, a hyperactive pectoralis 
reflex may be seen.*° Another pathologic reflex seen in patients with C5 to C6 
cervical lesions is the inverted radial reflex, with patients having spontaneous 
flexion of the digits (spread to C8 innervated muscles) when the brachioradialis 
reflex is elicited (VIDEO 3-1).*°”? Another reflex that can be assessed in patients 


Symptoms of Degenerative Thoracic Myelopathy 


Sensory symptoms 

@ Lower extremity paresthesia 

+ Lower limb proprioception deficits leading to gait dysfunction 
@ Pain 


© Back pain (upper and middle thoracic segment pathology causing upper and middle back 
pain; low thoracic segment pathology causing lower back pain) 


© Pelvic girdle pain (more common with upper and middle thoracic pathology) 
© Leg pain (more common with low thoracic pathology) 

Gait dysfunction 

@ Subjective imbalance 

+ Changes in gait speed 

@ Tripping 

+ Falls 

Difficulties getting up from chairs 

+ Difficulties with navigating uneven surfaces and stairs 

Bladder dysfunction 

@ Increased frequency 

Urgency 

+ Hesitancy 

Retention 


@ Incontinence 
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with myelopathy is the finger 
flexor reflex, which is also a C8 
spinal reflex." With the patient’s 
elbow resting on a surface, the 
examiner’s index and middle 
fingers are placed at the base 

of the patient’s fingers or on top 
of the fingers (palmar side) 
(FIGURE 3-1).*® The examiner’s 
index finger is struck by the 
reflex hammer.” Superimposed 
pathologies such as peripheral 
neuropathy can be important 
confounders and can further 
alter reflexes. 

Patients often have a loss of 
vibration and proprioception and 
may have abnormalities of pain 
and temperature sensation; 
however, the severity and 
pattern of abnormality are not 
clearly defined.*° 

Difficulties with tandem gait can be an early sign of dorsal column 
dysfunction.*® Further signs of gait dysfunction may include a broad-based 
stance, hesitancy, and a jerky pattern of ambulation.*° Patients may also shorten 
their stride in an attempt to increase stability (TABLE 3-3).*° 

Unfortunately, it is difficult to estimate the sensitivity and specificity of 
physical examination signs in cervical myelopathy because of many factors 
including, but not limited to, the high prevalence of degenerative abnormalities 
in the general population, underdiagnosis, lack of rigorous longitudinal studies, 
and significant burden of overlapping pathologies in patients with cervical 
myelopathy. Because of these factors, the sensitivity of physical examination 
findings is generally low, whereas the specificity may be high in the diagnosis of 
cervical myelopathy. One prospective, controlled longitudinal study estimated 
the average sensitivity of brisk reflexes to be 72% (with a range of 21% to 62% 
depending on the specific reflex level tested) and the average sensitivity of 
provocative signs that test hyperreflexia such as the Hoffman and Babinski signs 
to be 69% (with a range of 13% to 59% depending on specific test).*° The same 
study showed that 21% of patients have no myelopathic signs. There is no clear 
sensitivity and specificity information for paresthesia or gait impairment. 
Because of the relatively low sensitivity of the presenting symptoms of 
myelopathy when each symptom or sign is assessed individually, it is more 
beneficial to assess for the presence of multiple symptoms and findings of 
cervical myelopathy. For example, if the Hoffman sign, plantar reflex, and finger 
flexor reflexes are all present in a patient with symptoms of myelopathy, this has 
a sensitivity of approximately 91% and specificity of approximately 87% in the 
diagnosis of degenerative cervical myelopathy.’ 

Physical examination findings in degenerative thoracic myelopathy may 
include lower extremity weakness, hyperreflexia, and gait dysfunction. Similar 
to degenerative cervical myelopathy, patients with thoracic myelopathy do not 


FIGURE 3-1 

With the patient’s elbow resting on a surface, the 
examiner's index and middle fingers are placed at 
the base of the patient’s fingers or on top of the 
fingers (palmar side). The examiner's index finger 
is struck by the reflex hammer. The reflex is 
present if the fingers flex. 
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@ Gait abnormalities are an 
important diagnostic clue 
for degenerative cervical 
myelopathy and range from 
mild subjective difficulties 
to severe ataxia requiring 
ambulatory gait aids. 


@ MRI is the imaging 
modality of choice when 
degenerative myelopathies 
are suspected. 
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always have increased reflexes.”* In one large series of patients, of the patients 
with upper and mid thoracic pathology causing thoracic myelopathy, 
approximately 80% had brisk patellar reflexes, approximately 70% had brisk 
ankle reflexes, and approximately 50% had ankle clonus.** In the same series, of 
the patients with lower thoracic myelopathy, approximately 45% had brisk 
patellar reflexes, approximately 41% had brisk ankle reflexes, and approximately 
23% had ankle clonus.** 

Standardized scales and clinical assessment instruments may be used in the 
evaluation of myelopathy to characterize the severity of myelopathy symptoms. 
These can be used to track the severity of symptoms over time and make 
treatment decisions. 

One of the most widely used scales is the Japanese Orthopaedic Association 
(JOA) scale.* The modified JOA scale is an 18-point scale divided as follows: 

5 points for upper extremity function, 7 points for lower extremity function, 
3 points for sensory function, and 3 points for bladder function. Patients may 
score a maximum score of 18, which is considered normal function. Based on 


Physical Examination Findings Characteristic of Degenerative Cervical 
Myelopathy 


Weakness 
@ Hand weakness and atrophy (myelopathy hand) 
@ Early: hip flexors 


Late: diffuse weakness of upper and lower extremities, no established pattern of clinical 
progression, variable severity 


Hyperreflexia 

+ Brisk reflexes below lesion or level of maximal compression 
 Pectoralis reflex 

@ Hoffman sign (present in approximately 81% of patients) 

@ Inverted radial reflex 

@ Babinski sign (present in approximately 53% of patients) 

@ Ankle clonus (present in approximately 35% of patients) 
Sensory examination 


@ Decreased pain and temperature (nonspecific pattern; may be present in upper and lower 
extremities, but most common in hands) 


@ Decreased vibration and proprioception (may be seen in both upper and lower extremities, 
but most prominent in lower extremities) 


Gait abnormalities 

Tandem gait abnormalities 
@ Shortened stride 

Broad stance 

+ Ataxia 

® Spastic gait 


+ Use of an ambulatory gait aid 
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their modified JOA scale score, patients can be characterized as having mild 
myelopathy with a score of 15 to 17, moderate myelopathy with a score of 12 to 14, 
and severe myelopathy with a score of o to 11.” Multiple additional scales exist, 
each with its advantages and disadvantages; TABLE 3-4 is a summary of some of 
the most commonly used scales and tests. 


Imaging Findings in Patients With Degenerative Myelopathies 

Although the history and examination are important in raising the clinical 
possibility of degenerative myelopathy, imaging must be obtained to confirm the 
diagnosis. MRI is the ideal imaging modality because of its ability to clearly show 
the neural elements and their relationship with the surrounding structures as well 
as signal abnormalities of the spinal cord. T2 or FLAIR hyperintensities of the 
spinal cord reflect abnormalities of the spinal cord, including edema, gliosis, 
demyelination, and myelomalacia.”” MRI of the spine is generally obtained with 
the patient supine; however, flexion and extension and upright positions for MRI 
are also possible although not widely used because of cost and availability. 
Upright MRI tends to have lower resolution. 


Standardized Scales and Clinical Assessment Instruments Used in the TABLE 3-4 
Evaluation of Myelopathy 


Test name Description 


9-hole peg test Assessment of hand dexterity 
Patient is asked to place then remove nine pegs in the nine holes of a peg board as fast 
as possible 

30-meter timed walking test Patient walks 15 meters, turns, then walks an additional 15 meters 

10-second grip and release Patient is asked to grip and release the fingers as rapidly as possibly with the forearm in 
pronation and wrist in mild extension; the number of cycles completed in 10 seconds is 
counted 

10-second step test Patient takes high steps by lifting and flexing the knees to 90 degrees, with the thigh 


parallel to the floor 


Modified Japanese Orthopaedic 18-point scale; the highest score (18) indicates normal function 
Association scale F . . 

@ 5 points for motor function of upper extremity 

@ 7 points for motor function lower extremity 

@ 3 points for sensory deficits 


@ 3 points for bladder function 
Nurick scale Grades 0-5; best score is 0; assessment of lower extremity function and gait 
European Myelopathy Scale 18-point scale; the highest score (18) indicates normal function 

@ 5 points: upper motor neuron (gait function) 

@ 3 points: upper motor neuron (bladder and bowel function) 

@ 4 points: lower motor neuron (hand function) 

@ 3 points: posterior column (proprioception and coordination) 


@ 3 points: paresthesia or pain 


CONTINUUMJOURNAL.COM 83 


STRUCTURAL MYELOPATHIES 


84 


Distortion of the spinal cord is the most common abnormality seen in patients 
with degenerative cervical myelopathy; however, patients may develop T2 or 
FLAIR hyperintensities and, less commonly, enhancement.” T2 or FLAIR 
abnormalities are estimated to occur in approximately 15% of patients with 
degenerative cervical myelopathy whereas gadolinium enhancement is estimated 
to occur in approximately 7% of patients with degenerative cervical 
myelopathy.” The enhancement can persist for months or years even after 
successful decompressive surgery.” The characteristic pancakelike enhancement 
pattern in patients with degenerative cervical myelopathy includes the following 
characteristics: (1) transverse band appearance, greater in transverse than 
vertical extent on sagittal images, (2) location just below the site of maximum 
stenosis at the center of the spindle-shaped T2 hyperintensity, and (3): 
circumferential enhancement sparing gray matter on axial images (FIGURE 32).° 


FIGURE 3-2 

Neuroimaging of six patients with cervical spondylosis with gadolinium enhancement. 
Sagittal MRI reveals a three-vertebral-segment spindle-shaped T2-signal hyperintensity in 
the spinal cord (A) with transverse gadolinium enhancement (B) just below the site of 
maximum stenosis at the C5 to C6 interspace. Sagittal MRI reveals a three-segment 
spindle-shaped T2-signal hyperintensity with heterogenous T2 signal (C, arrows) at the site of 
flat pancakelike gadolinium enhancement (D). Postoperative sagittal MRI demonstrates 
decompression (E, arrowhead) and a two-segment spindle-shaped T2-signal hyperintensity 
with signal heterogeneity (E, arrow) at the site of flat pancakelike enhancement that is thicker 
dorsally than ventrally (F, arrow). A longitudinally extensive T2-signal abnormality with 
moderate cervical spondylosis is most prominent at C4 to C5 on sagittal T2-weighted images 
(G), below which a flat pancakelike band of gadolinium enhancement is evident (H). A 
spindle-shaped T2-signal hyperintensity is seen on sagittal MRI (I), at the middle of which 
focal pancakelike enhancement is present (J). A longitudinally extensive T2 hyperintensity is 
present on sagittal T2-weighted MRI (K) with pancakelike enhancement at the site of maximal 
stenosis; central sparing of gray matter is suggested (L), which is better appreciated on axial 
images (not shown). 

Reprinted with permission from Flanagan EP, et al, Ann Neurol.?° © 2014 American Neurological Association. 
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Although it is generally accepted that T2 or FLAIR hyperintensities reflect a 
higher clinical severity, the presence of abnormal T2 or FLAIR signal does not 
necessarily have prognostic value in isolation. For example, some patients may 
have increased T2 signal with no clinical abnormalities. T2 signal abnormalities can 
be reflective of acute, transient, and potentially reversible dysfunction as well as 
irreversible abnormalities. The presence of superimposed T1 signal abnormalities 
is indicative of more severe dysfunction. Worse surgical outcomes are also seen in 
patients with T2 or FLAIR abnormalities involving multiple spinal segments.** 

An emerging body of literature has shown that diffusion tensor imaging (DTI) 
may have a role in the diagnostic evaluation of cervical myelopathy, particularly 
in the early stages of the disorder.” DTI is a diffusion-based MRI technique that 
may determine white matter tract integrity. DTI may become a useful biomarker 
of disease severity and prognosis in degenerative cervical myelopathy. Studies 
have demonstrated that DTI parameters correlate with preoperative clinical 
assessments of disease severity.’ DTI sequences can be technically challenging to 
obtain in the spinal cord and require highly specialized knowledge 
and equipment.”° 

X-rays are a standard part of the assessment of cervical and thoracic 
myelopathies because they can reveal findings that cannot be readily 
demonstrated by supine, static MR imaging modalities. Typically, four views are 
obtained, including anteroposterior, lateral, flexion, and extension (FIGURE 3-3). 
X-rays can highlight the presence of spondylolisthesis, bony abnormalities such 
as stress fractures and facet arthropathy, and scoliosis. 

When MRI is contraindicated, 
CT myelography is a good 
alternative. A CT myelogram 
offers excellent visualization of 
the structures that surround and 
potentially displace the spinal 
cord and nerve roots. 
Unfortunately, CT myelograms 
cannot help visualize 
intramedullary abnormalities or 
the neural foramen beyond the 
border of the thecal sac. 
However, CT myelograms are 
very helpful when investigating 
arachnoid cysts, and they also 
offer excellent assessment of 
bony structures. CT is not 
indicated in the initial 
assessment of nontraumatic 
myelopathies but may be used as 
an adjunctive imaging 
modality when a more detailed 
assessment of bony structures is 
needed; however, it offers 
limited information about neural 
structures and the spaces 
surrounding them (TABLE 3-5). 


FLEXION 


FIGURE 3-3 

Four cervical x-ray views in a patient with previous 
cervical fusion: anteroposterior (A), lateral (B), 
flexion (C), and extension (D). 
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KEY POINTS 


@ The most common 
imaging abnormality seen in 
patients with degenerative 
cervical myelopathy is 
compression of the spinal 
cord with or without T2 or 
fluid-attenuated inversion 
recovery (FLAIR) 
hyperintensity. 


@ Patients with 
degenerative cervical 
myelopathy may develop 
enhancement on MRI with a 
characteristic “pancakelike” 
pattern of enhancement 
below the level of 
compression. 


@ Diffusion tensor imaging 
has been shown to correlate 
with disease severity. 
Further standardization and 
research are needed to 
optimize its use clinically. 


@ Four x-ray views 
(anteroposterior, lateral, 
flexion, and extension) 
should be obtained routinely 
in patients with 
degenerative cervical 
myelopathy to assess 
alignment and screen for 
spondylolisthesis. 


@ CT myelography is a good 
diagnostic alternative when 
MRI cannot be performed or 
if metallic artifact is likely to 
be prominent. 


@ In the workup of patients 
with degenerative 
myelopathies, nerve 
conduction studies and 
electromyography (EMG) 
are primarily used to 
exclude a superimposed 
peripheral neuropathy or 
mononeuropathy. 
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TABLE 3-5 


Imaging modality 


MRI: first-line imaging modality 


X-ray (anteroposterior, lateral, 


Other Diagnostic Modalities 

In the assessment of degenerative cervical myelopathy, nerve conduction studies 
and electromyography (EMG) are most helpful in determining if patients have a 
superimposed peripheral nervous system disorder that is contributing to the 
symptoms. For example, if patients have hand paresthesia, these symptoms may 
be caused by common mononeuropathies such as carpal tunnel syndrome, ulnar 
mononeuropathy, diffuse peripheral neuropathy, or degenerative cervical 
myelopathy. Additionally, some patients with degenerative cervical myelopathy 
have electrodiagnostic abnormalities in the distribution of the C8 to T1 
myotomes even in the absence of direct compression of the C8 and T1 nerve 
roots.’® The pathophysiology behind the proposed etiology is discussed in the 
Physical Examination Findings Associated With Degenerative Myelopathies 
section. Other diagnostic methods include somatosensory evoked potentials and 
motor evoked potentials, which have promising data supporting their use.*” 


Natural History of Degenerative Myelopathy 

Patients with degenerative cervical myelopathy typically have a stepwise 
decline, with periods of stability followed by exacerbation of symptoms; not all 
patients experience decline, with 20% to 60% of patients experiencing 
neurologic decline after 3 to 6 years.°® Even in studies in which the modified JOA 
scale scores either decreased modestly or remained stable at 3 years, patients with 
degenerative cervical myelopathy who had not undergone surgery reported 
progressive difficulty with performing activities of daily living.° It is generally 
accepted that symptoms in patients with severe myelopathy will continue 
progressing, and these patients are not expected to have an arrest or 
improvement of their symptoms. Factors that predict which patients with mild 


Imaging Modalities for Degenerative Myelopathies 


Advantages Disadvantages 

High level of detail of neural structures, Cost, susceptibility to artifacts 

ability to show intramedullary abnormalities, (movement, CSF pulsation, metal), static 
good visualization of bony structures and imaging modality (limited use of dynamic 
soft tissues studies in clinical practice) 

Excellent assessment of spine alignment, No visualization of neural elements 


flexion, and extension): first-line bony abnormalities, and dynamic 


imaging modality 


CT myelography 


CT 


Diffusion tensor imaging: 


investigational 
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abnormalities (spondylolisthesis); low cost; 
widely available 


High level of detail for compression of neural Limited assessment of intramedullary 


structures, excellent visualization of bony spinal cord abnormalities, limited 
structures availability 
Excellent visualization of bony structures, Very limited visualization of neural 


widely available, fast, comparatively lowcost elements 


Correlates with clinical assessments of No standardization, susceptibility to 
severity artifacts (movement, CSF pulsation, 
metal), cost, specialized equipment 
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or moderate myelopathy are at the highest risk of symptom progression have not 
been established. 


Treatment of Degenerative Myelopathy 

Conservative treatments for degenerative cervical myelopathy are highly 
variable and may include watchful waiting, the use of a cervical collar or cervical 
immobilization, bed rest, medication (pain medication, anti-inflammatory 
medication), cervical traction, acupuncture, thermal therapy, and physical 
therapy.**?? Cervical traction is particularly controversial, with some 
recommending against it entirely and some recommending daily use for up to 
several hours.*? No clear recommendations for conservative treatments exist for 
degenerative thoracic myelopathy. The mainstay of treatment in degenerative 
myelopathies, both cervical and thoracic, is surgery. Although the goal of surgery 
is to arrest progression, there is considerable evidence of postsurgical 
improvement of myelopathy symptoms in a significant portion of patients.*? 

In general, patients with severe disease are directed toward surgical 
decompression, with moderate-quality evidence to suggest that a patient’s 
condition will continue to deteriorate without surgical decompression.*? One 
study demonstrated postsurgical improvement in patients with severe baseline 
myelopathy ranges from 1.92 points (95% CI, 1.41 to 2.43) on the modified JOA 
scale at 6 to 12 months to 1.40 points (95% CI, 1.12 to 1.67) at 13 to 36 months and 
1.92 points (95% CI, 1.14 to 2.69) at 36 months and later.” 

Patients with moderate degenerative cervical myelopathy with baseline 
modified JOA scale scores of 12 to 14 are generally recommended to undergo 
surgery because of the risk of decline and generally favorable surgical 
outcomes.”? One large-scale study that differentiated among mild, moderate, 
and severe myelopathy showed an improvement of 2.58 points (95% CI, 2.07 to 
3.09) on the modified JOA scale in patients with moderate baseline degenerative 
cervical myelopathy.*? Patients have a higher chance for improvement if the 
duration of symptoms is shorter.*? 

The management of patients with mild myelopathy is the most debated in 
terms of timing and specific interventions. One study that randomly assigned 
patients with relatively mild myelopathy (modified JOA scale score > 12) to 
surgical intervention or conservative treatments did not find a difference in 
modified JOA scale scores at 1-, 2-, 3-, or 10-year follow-up, although the study 
was ultimately underpowered.*??° Of note, this study used a lower cutoff than 
more recent studies when defining mild myelopathy. Also, there was no 
improvement in the modified JOA scale scores after surgery, which is discordant 
with other studies.*? A different study examining surgical outcomes reported an 
improvement of 1.29 points (95% CI, 0.70 to 1.87) on the modified JOA scale for 
patients with mild myelopathy with baseline score of 15 to 17.” Just as with other 
subgroups, earlier surgical intervention does correlate with higher postoperative 
improvement.*? Patients may also improve with conservative treatments; some 
patients report improvement by at least 1 point on the mJOA with structured 
conservative treatments.” Therefore, the general recommendation is to discuss 
the risks and benefits of conservative treatments versus early intervention, with 
treatment decisions being highly individualized in the absence of expert 
consensus. It is quite reasonable to start with conservative treatments or watchful 
waiting, although some experts recommend intervention even in the early stages 
of myelopathy. It is imperative that patients with mild myelopathy are 
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KEY POINTS 


@ Most patients with 
degenerative myelopathies 
will experience a decline, 
although it is not yet 
possible to predict who will 
decline and what the rate of 
progression will be. 


@ Surgery is the mainstay of 
treatment for degenerative 
myelopathies. Conservative 
therapies are limited and 
highly variable. 


@ The goal of surgical 
intervention in patients with 
degenerative myelopathies 
is to arrest the progression 
of symptoms. 


@ Patients with mild 
degenerative myelopathy 
may be monitored closely 
before surgery is 
considered, although some 
experts recommend surgery 
at initial diagnosis. 
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monitored closely and frequently and that surgical intervention is considered 
sooner rather than later if a patient’s condition declines. It is beneficial for 
patients with mild myelopathy to be assessed with standardized clinical tests 
such as those discussed earlier (TABLE 3-4) to provide an objective 
longitudinal assessment. 

Management for patients with spinal cord stenosis but no clinical evidence 
of myelopathy is controversial. Patients with spinal cord compression but no 
baseline symptoms of myelopathy have an 8% chance of developing 
myelopathy at 1 year and a nearly 23% chance of developing myelopathy at 
4 years.” Patients who have radiculopathy are more likely to progress to 
myelopathy.” A clinical practice guideline based on expert opinion states that 
surgical treatment is generally not recommended for patients with 
compression of the cervical cord in the absence of myelopathic symptoms, 
although these patients should be monitored longitudinally because of the risk 
for development of symptoms.”? 

In practice, many neurologists have had the experience of caring for patients 
with either mild myelopathy or nonsymptomatic spinal canal stenosis who are 
told that they should undergo surgery to prevent spinal cord injury in case they 
have a minor trauma, such as a motor vehicle accident. In actuality, there is no 
clear evidence to support the role of prophylactic surgery in the prevention of 
spinal cord injury due to minor trauma.” The risk for hospitalization for spinal 
cord injury is slightly increased in patients treated conservatively compared with 
patients treated surgically, with one review finding that patients with 
degenerative cervical myelopathy who are managed conservatively are 1.5 times 
more likely to develop spinal cord injury than patients treated surgically.*”* 
However, the data are limited because, as discussed previously, the true 
prevalence of patients with stenosis and myelopathy is likely underestimated. 
These types of studies also do not take into account the long-term morbidity that 
can occur with long-term complications of surgery, which include adjacent 
segment degeneration. 

When surgery is performed, patients may undergo laminectomies or fusions. 
For fusions, anterior, posterior, or a combination of anterior and posterior 
surgical approaches may be performed. Factors that are taken into consideration 
include ventral versus dorsal compression, sagittal alignment, focal versus 
diffuse disease, the presence or absence of radiculopathy or axial pain, age, 
comorbidities, and the surgeon’s familiarity with each specific procedure.** 
Fusions are more common than laminectomies in the management of 
degenerative cervical myelopathies. Although a discussion of the indications for 
any particular approach is beyond the scope of this text, both anterior and 
posterior surgical approaches have similar efficacy in the treatment of 
degenerative cervical myelopathy.*? More recently, total disk arthroplasty, also 
known as disk replacement, has emerged as an alternative in the treatment of 
degenerative cervical myelopathy. Total disk arthroplasty is well validated as a 
motion-preserving alternative to fusion in the management of cervical 
radiculopathy and has been demonstrated to be helpful in the treatment of 
degenerative cervical myelopathy.** Several factors influence surgical outcomes 
including patient age, baseline health status, severity of symptoms at 
presentation, duration of symptoms, smoking status, and the cross-sectional area 
of the spine at the site of maximal cord compression.” Delays in diagnosis can 
also contribute to worsened functional outcomes by delaying surgical 
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treatment.*° Studies have shown that Black or African American patients 
experience greater delays in diagnosis.*° Studies also suggest that race, ethnicity, 
insurance status, socioeconomic status, and employment are all risk factors for 
worse postsurgical disability, pain control, and lower quality of life.” 

Surgical complications in patients who undergo surgery for degenerative 
cervical myelopathy include axial neck pain, laryngeal nerve injury, dysphagia, 
instrumentation and graft complications, C5 palsy, pseudoarthrosis, infection, 
adjacent segment disease, dural tear and CSF leak, worsening of myelopathy, and 
nerve root or spinal cord injury.’ 

Although treatment options are currently limited, research efforts are 
being dedicated to better understand optimal timing of surgical 
interventions and study nonsurgical treatments for degenerative 
myelopathies. To this end, DTI imaging may offer a way to predict which 
patients are at risk for decline and may offer a more objective way to 
longitudinally assess nonsurgical therapies. There is considerable interest in 
studying neuroprotective agents such as riluzole and cell-based therapies in 
patients with degenerative myelopathies.** 


OTHER CAUSES OF STRUCTURAL MYELOPATHY 

Mimics of myelopathy typically fall into two groups: disorders that have similar 
symptoms but discordant physical examination findings and disorders that have 
similar symptoms and similar examination findings. This section discusses other 
less common structural myelopathies as well as clinical entities that can have 
symptoms similar to those of myelopathy. 


Hirayama Disease 

Hirayama disease, also known as monomelic amyotrophy, is an unusual entity with 
typically juvenile onset of painless weakness and amyotrophy of hand and forearm 
muscles supplied by the C7 to T1 myotomes.*? The disease was initially described 
in Japan, and it has been since shown to occur worldwide, although it is still 
believed to be more prevalent in Asian populations.*? Males are affected more 
often than females.” 

Patients with Hirayama disease typically have abnormal forward shifting of 
the posterior dura during neck flexion, which is believed to cause compression 
of the spinal cord and changes in the vascular supply of the spinal cord.*? These 
changes result in direct compression of the anterior horn cells and reduced 
vascular supply of the anterior horn cells.” Additional abnormalities may 
include nerve root dysplasia that causes abnormal and potentially unequal 
tension in cervical nerve roots with neck flexion, structural abnormalities of the 
spinal ligaments, and venous dysplasia.*” 

Although patients are characteristically described as having C7 to T1 
myotomal distribution weakness, most patients show more severe weakness and 
atrophy on the ulnar side of the hand, which has led to the name of reverse 
split-hand syndrome, thereby distinguishing it from amyotrophic lateral sclerosis 
(ALS). Some patients can develop proximal arm involvement, but this has been 
rarely reported.*? Patients have been described as having asymmetric onset and 
no sensory symptoms, although sensory symptoms have been reported in large 
case series.’ Similar to patients with ALS, some patients with Hirayama disease 
have mild subjective paresthesia that is not clinically prominent and is most likely 
to happen in the early stages of the disorder.*? Patients also frequently report 
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KEY POINTS 


@ Surgical decompression is 
not recommended in 
patients with spinal cord 
stenosis without clinical 
myelopathy symptoms. 


@ The benefit of surgery in 
the prevention of spinal 
cord injury due to minor 
trauma in patients with 
asymptomatic degenerative 
spinal cord compression is 
not proven. 


@ Future directions in 
degenerative myelopathy 
treatment include refining 
the use of diffusion tensor 
imaging and investigating 
neuroprotective treatments. 


@ Hirayama disease 
typically presents with a 
juvenile onset of painless 
weakness in C7- to 
T1-innervated hand and 
forearm muscles. 
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worsening of symptoms in the cold,’ and they typically have an insidious onset 
with a progression of symptoms over 3 to 5 years followed by a spontaneous 
arrest of the disease.” Patients with Hirayama disease are not believed to have 
upper motor neuron findings because most have normal or reduced reflexes in 
the upper extremities; however, studies have uncovered the presence of 
pyramidal signs in a subset of patients, although the exact mechanism of this 
finding is unclear.*” 

Most patients with Hirayama disease have straight alignment or kyphosis of 
the cervical spine.” Myelography and flexion and extension MRI reveal the 
characteristic forward movement of the posterior dural wall during neck 
flexion.” Additional findings on neutral-position MRI include asymmetric cord 
flattening and localized lower cervical cord atrophy (mostly at the C4 to C7 
levels), loss of attachment between the posterior dural sac and subjacent lamina, 
and noncompressive intramedullary high signal intensity on T2-weighted 
imaging.” In some patients, the high-intensity signal lesion has a snake eyes 
appearance because of the presence of bilateral, high-signal-intensity lesions 
in the anterior horns; generally, the presence of the snake eyes appearance 
indicates a poor prognosis.’ Cord flattening can also be demonstrated on 
flexion and extension MRI.” Flexion MRI can also demonstrate a characteristic, 
high-intensity, crescent-shaped epidural mass that is posterior to the dura mater 
and contains flow void signals.*? The mass disappears with a return to a neutral 
neck position, revealing congestion of the venous plexus (FIGURE 3-4°?*°). An 
enhanced posterior epidural venous plexus with flow voids at the affected level 
may also be demonstrated on postgadolinium T1-weighted fat-suppressed 
images.”"*° 

First-line treatment for patients with Hirayama disease is immobilization of 
the neck with a cervical collar; however, compliance tends to be poor.” Surgery 
may be an option, although the exact timing and type of surgery are not 
standardized.*? More research is needed to clarify many of the issues associated 
with diagnosis and management of this uncommon disorder. 


FIGURE 3-4 


Atrophy of the muscles of the right hand and forearm and cervical flexion MRI in a patient 
with Hirayama disease. A, A photo shows a patient's inability to extend his fingers and the 
muscle atrophy in his right hand. B, Sagittal T2-weighted MRI of the cervical spine in a neutral 
position is fairly unremarkable. C, Sagittal T2-weighted MRI with neck flexion shows 
enlargement of the posterior epidural space from C5 to T1 (arrows). 

Panel A reprinted from Wang H, et al, Front Neurol.*? © 2021 The Authors. Panels B and C reprinted 

with permission from Quinn C, Elman L, Continuum (Minneap Minn).*° © 2020 American Academy of 
Neurology. 
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FIGURE 3-5 

A Sagittal T2-weighted image shows 
forward displacement of the spinal 
cord (white arrow) by a spinal 
arachnoid cyst (yellow arrow). 


Spinal Arachnoid Cysts 

Spinal arachnoid cysts are rare and 
generally present with progressive 
thoracic myelopathy.” Patients with 
spinal arachnoid cysts have symptoms 
that are similar to those of degenerative 
thoracic myelopathy including 
paresthesia, neuropathic pain, weakness, 
gait unsteadiness, and bladder 
dysfunction.*”** Spinal arachnoid cysts 
are usually located on the dorsal aspect of 
the thoracic spine, although ventral 
arachnoid cysts have been reported.*”** 
On MRI, the cysts are extramedullary and 
can be either extra- or intradural.*”** 
Because the cysts are nonenhancing 

and have the same signal characteristics 
of CSF on MRI, one typically cannot 
visualize the cyst directly but can instead 
see that the spinal cord is displaced or 
buckled anteriorly.*? The scalpel sign is a 


common descriptor of the anterior displacement of the spinal cord (FIGURE 3-5).44 
CT myelography and MRI of the spine are the most commonly used 

modalities for diagnosis. *? Although some centers consider CT myelography 
the most helpful imaging modality, no single imaging modality has emerged as 
universally preferred based on clinical studies. Arachnoid cysts are managed 
surgically with various techniques, including fenestration, decompression, 


and shunting. 


Syringomyelia 

Syringomyelia is another cause 
of myelopathy in which 
structural factors play a 
significant role. Syringomyelia is 
an abnormal, CSF-filled cavity 
within the adult spinal cord 
(FIGURE 3-6).*° A syrinx is 
distinct from anatomical variants 
such as persistent embryologic 
central canals.” Syringomyelia, 
therefore, is meant to identify 
cavities that dissect into 
surrounding cord tissue.’ One of 
the most common associations of 
syringomyelia is Chiari 
malformations. The symptom 
descriptions of syringomyelia 
have evolved over the years 
because the diagnosis is now 
established at earlier stages.” 
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FIGURE 3-6 
Idiopathic syringomyelia. Midsagittal T2-weighted 


MRI shows a longitudinal syrinx cavity in the 
center of the spinal cord (arrow). 


KEY POINTS 


@ Hirayama disease usually 
progresses for 3 to 5 years 
from onset, which is 
typically followed by a 
spontaneous arrest of the 
disease. 


@ Patients with Hirayama 
disease are treated with 
immobilization (cervical 
collar to limit flexion) or 
surgery. 


@ Spinal arachnoid cysts are 
typically found in the 
thoracic spine, presenting 
with typical symptoms for 
thoracic myelopathy. 


@ Spinal arachnoid 

cysts typically have a 
characteristic scalpel sign 
on imaging. 
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The conventional symptoms, which historically have been seen with more 
advanced (ie, late) presentations, include dissociated sensory loss, profound loss 
of temperature sensation resulting in injury, significant atrophy of the hands and 
clawed hands, lower limb hyperreflexia and spasticity, abnormalities of 
sweating, Charcot joints, scoliosis, and Horner syndrome.* Symptoms are now 
seen at earlier stages and may include spinal pain, dysesthesia, ataxia and 
subjective disequilibrium, muscle weakness and fatigability, symptoms 
associated with Chiari malformations (ie, Valsalva-induced headaches, 
dysphagia, dizziness, tinnitus, hearing loss, diplopia, sleep apnea), sphincter and 
autonomic disturbances, and muscle cramps and spasms.*? Weakness and 
increasing levels of motor dysfunction may be seen in patients who are not 
diagnosed at an early stage.“ Syringomyelia may also be an asymptomatic 
incidental finding on imaging. 

When evaluating patients with a syrinx, it is important to carefully look 
for a point of obstruction in the CSF pathways.* Causes for syringomyelia 
include Chiari malformations, tumors, prior trauma, adhesions, and arachnoid 
webs.* Although some cases are considered idiopathic, it is important to 
systematically investigate if any of the aforementioned causes are present 
because management is greatly affected by the etiology of the syrinx. Some 
patients have spontaneous remission, but there is no way to predict in whom 
this would happen.” In patients with a syrinx and Chiari malformations, 
decompression is usually recommended.* However, surgery is not always 
clearly indicated in patients with syringomyelia; some patients benefit 
from serial assessments and conservative management at least initially.* 
Surgical intervention in the management of syringomyelia is highly 
individualized depending on the etiology of the syrinx and can carry 
significant risks, so a thorough discussion of risks and benefits is 
necessary.” 


Idiopathic Spinal Cord Herniation 

Idiopathic spinal cord herniation is an uncommon cause of noncompressive 
structural myelopathy. In patients with this disorder, the spinal cord herniates 
through a small anterior or lateral dural defect.*° The thoracic cord is 
exclusively affected.*® The etiology of this disorder is unclear, and most 
patients have no history of preceding trauma or surgery.*° Several potential 
mechanisms have been proposed but not proven. One theory suggests 

that remote trauma may predispose to future dural tears.*° Another 

suggests that herniated and calcified disks may cause thinning, erosion, 

and ultimately rupture of the dura.*® Clinical symptoms include numbness 
and decreased temperature sensation in the legs, gait disturbances, and 
incontinence.*® Brown-Séquard syndrome has been seen in more than 

half of the reported cases.*° MRI is the initial imaging modality of choice, but 
CT myelography can be very helpful and is especially recommended if the 
initial MRI is equivocal. Similar to arachnoid cysts, a scalpel sign may be 
seen.*° Other patterns of abnormalities may include a gradual C- or S-shaped 
kink.*® The herniated cord may appear as a small mass similar in signal 
intensity to the cord.*° Patients may have a small syrinx at the site of 
herniation.*° Management is highly individualized, but surgery should be 
strongly considered in patients with neurologic deficits or significant 
symptoms.*° 
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NEUROLOGIC SYNDROMES IN THE DIFFERENTIAL DIAGNOSIS 

OF MYELOPATHY 

Many neurologic disorders have phenotypical similarities to degenerative 
myelopathies. In contrast, certain neurologic diagnoses, such as lumbar stenosis 
or peripheral neuropathy, can complicate the diagnosis of degenerative 
myelopathies by confounding the clinical pattern of symptoms and physical 
examination. Patients with neurologic dysfunction may also develop 
degenerative myelopathies following their initial diagnosis. This section 
discusses some of the most common clinical confounders in degenerative 
myelopathies. 

ALS is one of the disorders that most closely resembles degenerative 
myelopathies, particularly cervical myelopathy. ALS usually starts in one of four 
segments (bulbar, cervical, thoracic, or lumbar) with subsequent spread to 
adjacent regions. Similar to patients with degenerative cervical myelopathy or 
degenerative thoracic myelopathy, patients with ALS who have a spine segment 
onset will have painless weakness of an upper or lower limb with superimposed 
hyperreflexia or spasticity. Paresthesia is more common in degenerative 
myelopathies and uncommon in ALS.*” The presence of split-hand atrophy (ie, 
thenar atrophy greater than hypothenar atrophy) is characteristic of ALS. A 
detailed and careful strength examination is important to determine the presence 
or absence of weakness that is discordant with expected abnormalities. The 
presence of fasciculations is an important clinical differentiator. Patients with 
degenerative myelopathy may have atrophy and fasciculations of the hand (the 
so-called myelopathy hand discussed earlier) as well as weakness and 
fasciculations in a myotomal pattern if a superimposed radiculopathy is 
present. In contrast, patients with ALS tend to have widespread fasciculations 
including the trunk. It is also important to differentiate fasciculations due to ALS 
from benign fasciculations. Benign fasciculations are more likely to affect the 
same muscles and locations repeatedly (calves are a commonly affected site) and 
are not associated with atrophy. In contrast, fasciculations due to ALS are 
more widespread and occur in the presence of muscle atrophy (CASE 3-2). 
Primary lateral sclerosis is an ALS variant that can also clinically resemble 
myelopathy, with typically asymmetric onset of lower extremity weakness 
and spasticity. 

Hereditary spastic paraparesis can also clinically resemble myelopathy, 
particularly thoracic myelopathy. Patients with hereditary spastic paraparesis 
tend to have early development of spasticity despite preserved strength, which is 
in contrast to degenerative myelopathies in which spasticity and weakness tend 
to develop in tandem. 

Multifocal motor neuropathy is an autoimmune disorder that presents with 
painless weakness, with onset typically in the upper extremities. Patients do not 
have sensory deficits and, unlike in myelopathies or ALS, have diminished 
reflexes. 

Peripheral neuropathy is also commonly present in older patients, causing 
sensory and gait dysfunction. Sensory symptoms are more prominent in 
peripheral neuropathies than in degenerative myelopathies. Reflexes are 
diminished in patients with peripheral neuropathies. 

Among central nervous system disorders, Parkinson disease (particularly the 
rigid predominant phenotype) is one of the disorders that superficially 
resembles degenerative cervical myelopathy the most. Patients with 
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KEY POINTS 


@ In the workup of a syrinx, 
it is imperative to carefully 
investigate all potential 
areas of obstruction 
including tumors, Chiari 
malformations, and 
arachnoid webs. 


@ The management of 
syringomyelia is highly 
individualized and based on 
clinical presentation, 
etiology of the syrinx, 
imaging findings, and serial 
assessments. 


@ Idiopathic spinal cord 
herniation is a rare cause of 
thoracic myelopathy. 


@ Amyotrophic lateral 
sclerosis (ALS) may have a 
presentation similar to 
degenerative cervical 
myelopathy. A careful 
physical examination and 
use of electrodiagnostic 
studies are key in clinically 
differentiating the two 
disorders. 


@ The presence of 
widespread fasciculations, 
especially of the trunk, is 
highly suggestive of ALS 
rather than degenerative 
cervical myelopathy. 
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Parkinson disease may have dexterity changes stemming from bradykinesia, as 
well as gait abnormalities. A careful neurologic examination should be able to 
uncover rigidity, bradykinesia, tremor, and the characteristic gait abnormalities 
(CASE 3-3). 

All autoimmune, demyelinating, infectious, neoplastic, vascular, toxic, 
and nutritional myelopathies are disorders that are considered in the 
differential diagnosis of degenerative myelopathies. These entities are discussed 


A 57-year-old right-handed woman presented for evaluation of grip 
weakness on her right side starting approximately 5 months before 
presentation. She denied any sensory symptoms or pain, but her primary 
care physician was concerned about spinal cord compression because 
her reflexes were brisk, so MRI of her cervical spine was obtained. The 
MRI revealed moderate cervical spinal stenosis and bilateral 
neuroforaminal stenosis, which was moderate on the right and severe on 
the left. Pertinent examination findings included upper limb weakness, 
specifically 4/5 right elbow flexion, 4/5 right elbow extension, 4/5 right 
wrist extension, 4+/5 right wrist flexion, and 3/5 right finger abduction. 
Right foot dorsiflexion was 4+/5. She had subtle atrophy of her right hand 
and forearm muscles. Her reflexes were diffusely brisk but symmetric. 
The Hoffman sign was present on her right side. After she changed into a 
gown, examination of her arms, chest, and trunk revealed fasciculations 
in her bilateral upper extremities and posterior right scapula. Nerve 
conduction studies and EMG revealed fibrillation potentials and 
fasciculation potentials in her bilateral upper extremities, cervical 
paraspinals, and lower extremities. Based on the clinical and 
electrodiagnostic findings she was diagnosed with amyotrophic lateral 
sclerosis (ALS). 


COMMENT 
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This case illustrates the common challenges of differentiating between 
degenerative cervical myelopathy and ALS. Patients with ALS or 
degenerative cervical myelopathy may have hand weakness. Hand 
weakness may be asymmetric, at least initially, in both degenerative 
cervical myelopathy and ALS, and fasciculations and denervation in C8 to T1 
muscles may be present in both. The presence of asymmetric lower 
extremity weakness (subtle dorsiflexion weakness) and widespread 
fasciculations raise the possibility of ALS over degenerative cervical 
myelopathy. The presence of right arm weakness is also a clue in this case. 
The patient's MRI showed only moderate spinal canal stenosis, whereas 
the neuroforaminal stenosis was more significant on her left side rather 
than right, which suggests that the MRI findings are not sufficient to explain 
the physical examination findings. Additionally, obtaining nerve conduction 
studies and EMG is crucial in examining the possibility of lower motor 
neuron involvement in weak muscles of both the upper and lower 
extremities and in investigating if subclinical abnormalities are present in 
as-yet asymptomatic muscles. 
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in greater detail in other articles in this issue. Imaging and history are 
key to differentiating degenerative myelopathies from nondegenerative 
myelopathies. 


CONCLUSION 

As previously discussed, degenerative myelopathies are among the most 
common neurologic disorders, particularly in patients older than 50 years. 
Neurologists may see patients with early symptoms of myelopathy or may 
uncover degenerative myelopathies in patients with preexisting neurologic 
disorders. Therefore, it is important to distinguish between progression of 


A 67-year-old man presented to the outpatient clinic for evaluation of CASE 3-3 
imbalance. He had a history of moderately severe Parkinson disease and 
reported a decline in his ability to function for the past 6 months. He 
noted his balance had been worse and that he had a few near falls. He 
reported that his tremor had been stable, but he was dropping things 
more often. He was compliant with dopamine agonist medications and 
continued to find the medications helpful for his symptoms, but he was 
wondering if he may require higher doses given his recent worsening of 
symptoms. On further directed questioning, he endorsed increased 
difficulty with buttons, zippers, and utensils, although he attributed this 
to his Parkinson disease. He also endorsed some vague symptoms of 
numbness in his hands, but he did not find these particularly bothersome. 
On physical examination, he had intact strength except for 4/5 bilateral 
finger abduction weakness. His muscle stretch reflexes were normal in 
his bilateral upper extremities and brisk at his patellas and ankles. 
Sensation to pinprick was absent to the level of his ankles bilaterally and 
slightly decreased in the fingertips of both of his hands. Vibratory 
sensation was absent at his toes, diminished at his ankles and knees, but 
intact at his fingertips. When comparing his physical examination to his 
visit 6 months before, his neurologist noted that the finger abduction 
weakness was new and that his reflexes were previously rated as normal 
at his knees and reduced at his ankles. His tremor and rigidity were stable 
when compared with his previous visit, but he appeared to have more 
prominent bradykinesia. Given the changes in symptoms and physical 
examination, MRI of his cervical spine was ordered and revealed a large 
disk herniation at the C4 to C5 level with compression of the cervical cord 
and corresponding cord T2 hyperintensity. 


This case illustrates the importance of considering alternative and new COMMENT 
diagnoses in patients with baseline neurologic dysfunction and the 

importance of longitudinal neurologic assessments. This case also 

illustrates the significant overlap of symptoms and examination findings 

between myelopathy and other neurologic disorders. 
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underlying neurologic disorders, normal aging, deconditioning, and myelopathy. 
Various illnesses, arthritis, and deconditioning can all cause symptoms that are 
similar to myelopathies. Because myelopathies may be painless in the absence of 
a superimposed radiculopathy, this can further confound the clinical picture. 
The neurologic examination is very helpful in longitudinal assessments that 
facilitate early diagnosis of myelopathy. Ultimately, myelopathies are 

clinical diagnoses, so neurologists have an important role in helping support 
patients and other specialists in the clinical assessments of degenerative 


myelopathies. 


VIDEO LEGEND 


Video 3-1 

Inverted radial reflex. When tapping the 
radius, there is absent brachioradialis 
contraction and hyperactive finger flexion. 
The inverted radial reflex is localized to 
C5 to C6. 


Reproduced with permission from 
Chen T, Neurology." © 2022 American 
Academy of Neurology. 
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Traumatic Spinal Cord 
Injury 


By Saef Izzy, MD 


ABSTRACT 

OBJECTIVE: This article provides a review of the initial clinical and radiologic 
evaluation and treatment of patients with traumatic spinal cord injuries. It 
specifically highlights essential knowledge for neurologists who encounter 
patients with these complex injuries. 


LATEST DEVELOPMENTS: There has been improvement in the care of patients 
with traumatic spinal cord injuries, particularly in the prehospital 
evaluation, approach for immediate immobilization, standardized spinal 
clearance, efficient triage, and transportation of appropriate patients to 
traumatic spinal cord injury specialized centers. Advancements in spinal 
instrumentation have improved the surgical management of spinal 
fractures and the ability to manage patients with spinal mechanical 
instability. The clinical evidence favors performing early surgical 
decompression and spine stabilization within 24 hours of traumatic spinal 
cord injuries, regardless of the severity or location of the injury. There is no 
evidence that supports the use of neuroprotective treatments to improve 
outcomes in patients with traumatic spinal cord injuries. The administration 
of high-dose methylprednisolone, which is associated with significant 
systemic adverse effects, is strongly discouraged. Early and delayed 
mortality rates continue to be high in patients with traumatic spinal cord 
injuries, and survivors often confront substantial long-term physical and 
functional impairments. Whereas the exploration of neuroregenerative 
approaches, such as stem cell transplantation, is underway, these 
methods remain largely investigational. Further research is still necessary 
to advance the functional recovery of patients with traumatic spinal cord 
injuries. 


ESSENTIAL POINTS: Traumatic spinal cord injury is a complex and devastating 
condition that leads to long-term neurologic deficits with profound 
physical, social, and vocational implications, resulting in a diminished 
quality of life, particularly for severely affected patients. The initial 
management of traumatic spinal cord injuries demands comprehensive 
interdisciplinary care to address the potentially catastrophic multisystem 
effects. Ongoing endeavors are focused on optimizing and customizing 
initial management approaches and developing effective therapies for 
neuroprotection and neuroregeneration to enhance long-term functional 
recovery. 
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INTRODUCTION 
raumatic spinal cord injury is a devastating and complex event, 
often resulting in severe and permanent disabilities. It affects a 
considerable number of people, with an estimated annual incidence of 
54 per 1 million people. In the United States alone, more than 294,000 
people are currently living with traumatic spinal cord injury—related 
disabilities, and approximately 17,000 new cases are reported each year.” 
Traumatic spinal cord injuries have exhibited a higher prevalence among young 
men and a disproportionate representation among non-Hispanic Black people.” 
The most common mechanism of injury remains motor vehicle accidents, 
followed by falls. Other causes include gunshot wounds, physical assault, and 
sports or recreational activities. Notably, the average age of individuals with 
traumatic spinal cord injuries has increased over the past few decades, increasing 
from an average age of 29 years in the 1970s to an average age of 43 years since 
2015. It is anticipated that the incidence of traumatic spinal cord injuries will 
continue to increase, particularly in older adults with underlying spondylosis and 
spinal canal stenosis because of spinal cord injuries resulting from falls.** 
Traumatic spinal cord injuries may affect cervical, thoracic, and lumbar 
spinal regions (50%, 35%, and 11%, respectively).* Despite advances in acute care 
and surgical management, patients with traumatic spinal cord injuries have 
reduced overall life spans and higher mortality, especially in the first year after an 
injury, compared with the general population.? Cervical spinal cord injuries, 
particularly above Cs, are associated with quadriplegia, whereas injuries of the 
thoracic spinal cord can result in paraplegia. Cervical spinal cord injuries are 
commonly associated with higher rates of morbidity and mortality especially in 
older adults. In addition to a higher spinal injury (eg, cervical versus thoracic 
injury), increasing patient age, injury mechanism, and the presence of 
multisystem trauma increase the risk of mortality and affect life expectancy 
after traumatic spinal cord injuries.* Traumatic spinal cord injuries have a 
substantial effect on health care costs, with annual medical treatment costs that 
range from $30,770 to $62,563 per year.’ The lifetime cost of care for young 
patients (25 years old) with traumatic spinal cord injuries is estimated between 
$1.1 and $4.6 million depending on the severity of their injury.*° Understanding 
the cellular and molecular mechanisms of traumatic spinal cord injuries and 
developing new effective treatments is crucial to improving long-term patient 
outcomes. 


PATHOPHYSIOLOGY 

Traumatic spinal cord injury results from a direct impact on the spine that 
fractures or dislocates vertebrae and disrupts the ligaments and intervertebral 
disks, generating mechanical forces that can lead to primary spinal cord injury 
and neurologic impairment.’ The primary injury causes contusion with 
persistent or transient compression or distraction injury. It can also cause cord 
laceration and transection, which are mostly not amenable to treatment. 
Persistent spinal cord compression secondary to fracture dislocation injury or 
burst fracture with bony fragments is the most common primary injury." 
Transient compression is a less frequent presentation, and it is likely secondary to 
hyperextension injuries, especially in patients with cervical spondylosis, and 
distraction stretch-and-tear injuries in which two vertebrae are pulled apart. 
Spinal cord laceration and transection, which are less commonly encountered in 
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the civilian population, occur in penetrating injuries, resulting in severe 
dislocation, sharp bony fragments, or missile injuries. The primary injury often 
damages ascending and descending pathways in the spinal cord and disrupts 
blood vessels and cell membranes. Soon after the onset of the primary insult, 
there is a cascade of complex secondary biochemical and cellular responses and 
processes, including disruption of the blood-spinal cord barrier, vasomotor 
dysfunction, hypoperfusion and reperfusion, ionic imbalance, mitochondrial 
damage, and induction of acute neuroinflammatory response, resulting in 
worsening hypoxia, ischemia, and cell death promotion.* Dying neurons release 
free radicals and fail to reuptake glutamate neurotransmitters, resulting in 
oxidative damage and excitotoxicity and further neurologic damage.’ This acute 
secondary phase appears to be followed by progressive neuronal cell death and 
axonal degeneration, mediated by persistent neuroinflammation that is 
characterized by extensive microglial and astroglial activation. Therefore, early 
recognition of traumatic spinal cord injury is crucial, and the main therapeutic 
focus in traumatic spinal cord injury is the avoidance or correction of 
secondary injuries. 


EVALUATION 

For any patient suspected of experiencing an acute spinal injury, essential aspects 
of care involve prehospital assessment and triage, which includes immediate 
immobilization by first responders, and careful clinical assessment at the 
emergency department, including urgent spine imaging. 


Prehospital Triage and Immobilization 

The management of patients with traumatic spinal cord injuries starts in the field 
by implementing basic resuscitation principles from the American College of 
Surgeons’ Advanced Trauma and Life Support course,*° including airway, 
breathing, and circulation, to ensure adequate ventilation, oxygenation, and 
perfusion. If spinal cord injury is suspected, first responders must rapidly 
resuscitate patients and institute a traumatic spinal cord injury algorithm for 
spinal clearance and immobilization, which is a widely accepted approach and is 
supported by Class II and Class III studies.” There are a variety of spinal 
immobilization devices, but the Guidelines for the Management of Acute 
Cervical Spine and Spinal Cord Injuries” and the American College of Surgeons’ 
Advanced Trauma Life Support course manual” recommend a rigid cervical 
collar and long rigid spine board secured with tape or straps to prevent spinal 
instability. These rigid mechanisms allow for safe transport from the field to a 
specialized trauma care center where clinical and radiologic evaluations can take 
place according to the recommendations outlined in FIGURE2-1."* When a patient 
is suspected of having a cervical traumatic spinal cord injury and requires airway 
stabilization with tracheal intubation, the primary responder should manually 
stabilize the patient’s neck in line during intubation to minimize the risk of 
displacement of cervical spinal elements. Although spinal immobilization is 
important to maintain spinal stability and prevent secondary spinal cord injuries, 
it is also associated with some risks, even when applied appropriately. These risks 
include delayed transfer, airway compromise, and pain. In addition, full spinal 
immobilization could result in an increased risk of respiratory difficulties, 
especially when large straps are applied across the chest, as well as aspiration and 
pressure sores from prolonged immobilization. It is also important to know that 
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KEY POINTS 


@ Motor vehicle accidents, 
followed by falls, are the 
most common causes of 
traumatic spinal cord 
injuries. 


@ The cervical spine is the 
most commonly injured 
spinal cord region, 
accounting for 50% of 
traumatic spinal cord 
injuries, and is associated 
with higher rates of 
morbidity and mortality 
especially in older adults. 


@ Patients with traumatic 
spinal cord injuries 
experience higher mortality 
rates compared with the 
general population. 


@ Vertebral fracture and 
dislocation, direct impact 
resulting in spinal cord 
compression, and spinal 
cord laceration or 
transection are the primary 
mechanisms of traumatic 
injury to the spinal cord. 


@ Early recognition of 
traumatic spinal cord 
injuries is crucial, and the 
main therapeutic focus in 
traumatic spinal cord injury 
is the avoidance or 
correction of secondary 
injuries, especially hypoxia 
and hypoperfusion. 
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mortality is reported to be higher in patients with penetrating neck trauma who 
are immobilized compared with those who are not immobilized.” 


Clinical Assessment 

Early recognition of the primary injury patterns in the field and on arrival to the 
emergency department can help determine the location and type of injury and 
avoid additional spinal cord damage during transportation. A comprehensive 
physical examination to carefully exclude other concurrent systemic injuries is 
necessary at the initial presentation. Neurologic examination should include a 
detailed motor and sensory assessment as well as a careful assessment of sacral 
nerve root function by evaluating rectal tone and tactile sensation in S4 to S5 
dermatomes or sensation to deep anal pressure. Therefore, neurologists can be 
crucial for refined neurologic assessment of the level of traumatic spinal cord 
injury and the severity of motor and sensory nerve deficits as well as for the 
management of acute and chronic complications. 

Traumatic spinal cord injuries can be graded using the American Spinal Injury 
Association (ASIA) Impairment Scale [AIS]), which is recommended as the 
preferred tool to standardize the neurologic examination, classify the severity of 
the injury, and provide information on improvement at follow-up.*°”” The AIS 
classifies severity of injury from A (complete injury, with loss of both motor and 
sensory function) to E (normal motor and sensory examination). Incomplete 
injuries (AIS B to D) preserve voluntary anal contraction and often 
bulbocavernosus reflex and present with various degrees of motor function and 
sensation caudal to the level of injury. AIS is scored B when there is a complete 
loss of motor function and preservation of some sensory functions. AIS can be 
scored C or D if motor function is partially spared below the level of injury. AIS is 
scored D when the majority of the muscle groups below the level of injury exhibit 
a motor strength grade of 3 or higher. When performing the AIS assessment, it is 
important to keep in mind that the levels of motor and sensory function should 
be determined on each side of the body. Incomplete injury should be considered 
if some function is preserved below the level of injury and there is perianal 
sensation or voluntary rectal tone, as opposed to involuntary tone, which may be 
partially preserved in complete spinal cord injuries. The severity of the 
neurologic impairment in traumatic spinal cord injuries can be exaggerated 
initially by traumatic brain injury, diminished level of consciousness, 
intoxication, distracting injuries, or temporary spinal shock.*? The neurologic 
examination can also worsen after initial presentation because of spinal cord 
swelling or the development of new systemic complications such as respiratory 
or circulatory failure. Therefore, to achieve more accurate prognostication, it is 
advisable to perform follow-up AIS assessments at the end of the initial 
hospitalization or at the beginning of the rehabilitation phase. This component of 
neurologic examination should be documented on the AIS form, which is 
included as a PDF in the online version of this issue and can be accessed using the 
QR code on the first page of this article (SDC APPENDIX, links.lww.com/ 
CONT/A402).** 

There are specific spinal cord syndromes that can be seen in patients with 
incomplete traumatic spinal cord injuries (AIS B to D), such as central cord 
syndrome, Brown-Séquard syndrome, and anterior cord syndrome.’ The 
characteristic mechanism of central cord syndrome is a hyperextension injury, 
which is exacerbated by preexisting cervical spondylosis and central canal 
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stenosis. It is characterized by disproportionally greater motor impairment in the 
upper extremities (especially distal upper), because of the mesial somatotopy of 
the arms in the descending corticospinal tracts, and a variable degree of lower 
extremity weakness. It may also be associated with bladder dysfunction and a 
variable degree of cervicothoracic sensory loss. Brown-Séquard syndrome, which 
is also known as lateral hemisection or hemicord syndrome, most often occurs in 
patients who experience ballistic and penetrating traumatic spinal cord injuries, 
such as a bullet or knife wound. It results in ipsilateral loss of proprioception, 
vibration, and motor function as well as contralateral loss of pain and 
temperature sensation. Anterior cord syndrome is more common in anterior 
spinal artery infarction, but it can also occur from injuries associated with disk- 
or bone-fragment retropulsion. It results in motor paralysis below the level of 
injury and loss of pain and temperature sensation at and below the level of injury. 
Other spinal cord syndromes can also occur after trauma but much less 
frequently, such as posterior cord syndrome, which is more commonly caused by 
infectious, metabolic, vascular, or inflammatory etiologies, or compression or 
epidural mass. Conus medullaris or cauda equina syndromes are more commonly 
caused by compression or infections. 

Cardiopulmonary complications are common in the acute phase of traumatic 
spinal cord injuries and are considered the most common cause of early death 
after injury.” Respiratory failure can happen suddenly because of impaired 
diaphragmatic contraction caused by damage to cervical levels C3 to C5 or loss of 
thoracic root innervation of the chest and abdominal accessory muscles. 
Hypotension can also occur in the setting of shock. It is important to distinguish 
between spinal shock and neurogenic shock. Spinal shock is a transient 
physiologic reflex depression of spinal cord function, which can occur 
immediately after damage to any region of the spinal cord and usually lasts for 
days or weeks after injury.*° In addition, spinal shock is typically associated with 
absent reflexes (including bulbocavernosus reflexes), urinary retention, and 
bladder distension. Although the temporal course of spinal reflex recovery is a 
topic of debate, the recovery of reflexes is highly suggestive that a component of 
spinal shock existed at the time of presentation.** Neurogenic shock is a subtype 
of distributive shock that usually occurs within the first hours after the injury and 
can last for days or even a few weeks after an injury and results from damage in 
the cervical and high thoracic (ie, above T6) spinal cord levels. It is associated 
with the loss of sympathetic outflow and unopposed vagal activity and results in 
a wide range of findings reflecting sympathetic dysfunction such as hypotension, 
bradycardia, and peripheral vasodilatation (eg, flushed skin and cold 
extremities) .*° 


Radiologic Assessment 

Coupled with the clinical examination, performing radiologic assessment soon 
after the trauma can guide decision making and lead to a timely clearance and 
appropriate decompression of the spinal cord. Congress of Neurological Surgeons 
Systematic Review and Evidence-based Guidelines for the Management of Acute 
Cervical Spine and Spinal Cord Injuries** provides clinicians with 
recommendations for cervical immobilization and radiologic assessment of the 
cervical spine after a traumatic spinal cord injury (FIGURE 2-1).’* Mental status 
check, assessment for neck pain or tenderness, and accurate and reliable 
neurologic examination are the main determinants of the need to image patients 
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KEY POINTS 


@ When spinal injury is 
suspected, immediate spinal 
immobilization is important 
to maintain spinal stability 
and prevent secondary 
spinal cord injuries. 


@ Neurologists can be 
crucial for refined 
neurologic assessment of 
the level of traumatic spinal 
cord injury and severity of 
motor and sensory deficits 
as well as for the 
management of acute and 
chronic complications. 


@ The American Spinal 
Injury Association 
Impairment Scale is 
recommended as the 
preferred method for 
standardizing the neurologic 
examination of patients with 
traumatic spinal cord 
injuries and assessing the 
severity of the injuries. 


@ The severity of neurologic 
impairment in traumatic 
spinal cord injuries can be 
exaggerated initially by 
temporary spinal shock, 
cord swelling, and systemic 
complications. 


@ The American Spinal 
Injury Association 
Impairment Scale grade 
holds significant prognostic 
implications for traumatic 
spinal cord injury outcomes. 


@ There are specific spinal 
cord syndromes that can be 
seen in patients with 
incomplete traumatic spinal 
cord injuries such as central 
cord syndrome, Brown- 
Séquard syndrome, and 
anterior cord syndrome. 


@ High-cervical traumatic 
spinal cord injury commonly 
presents with respiratory 
failure due to loss of 
diaphragmatic function. 
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Traumatic cervical spinal cord injury 


4 


| Is the patient symptomatic (neck pain or tenderness)? | 


Alert 

Not intoxicated 

Normal neurologic examination 
including no pain to palpation of 
midline cervical spine or neck 
pain with any head movements 
No other associated injuries that 
detract from the general 
evaluation 


(fe > 


Recommendation (Level 1) 

High-quality CT of the cervical spine is 
recommended. Cervical spine x-ray series, 
with three views (anteroposterior, lateral, and 
odontoid views) is recommended if high- 
quality CT is not available, but it should be 
supplemented with CT when it becomes 
available 


Recommendation (Level 1) 
Cervical spine imaging is not 
recommended, and cervical 
immobilization can be discontinued 


FIGURE 2-1 


Recommendation (Level 3) 
If CT or three-view cervical spine series is 
normal, cervical immobilization should be 
continued until one of the following 
conditions is met: 

e Patient becomes asymptomatic 

e Normal and adequate dynamic flexion 

and extension x-ray 
e Normal MRI within 48 hours of the injury 
e Safe according to the treating physician 


4-44 


Obtunded or cannot be 
reliably assessed 


Recommendation (Level 1) 
High-quality CT of the spine is 
recommended as initial 
imaging. Cervical spine x-ray 
series with three views 
(anteroposterior, lateral, and 
odontoid views), if CT is not 
available, but it should be 
supplemented by CT when it 
becomes available 


Recommendation (Level 3) 
Discontinuation of cervical 
immobilization as stated for 
alert and symptomatic patients 


Decision algorithm for immobilization and imaging of patients who have experienced 
traumatic cervical spinal cord injury. 
Data from Walters BC, et al, Neurosurgery." 


with traumatic spinal cord injury. Plain radiographs have been used traditionally 
as the initial screen to identify bony abnormalities such as fractures.” However, 
because of the poor sensitivity associated with plain radiography, more often it is 
replaced by CT without contrast, which can better characterize vertebral 
fractures but has very poor sensitivity for soft tissue injuries.** For unconscious 
patients and those in whom no obvious traumatic spinal fracture has occurred, 
conventional MRI, specifically sagittal T1-weighted and sagittal and axial 
T2-weighted imaging, is helpful to assess the degree of traumatic spinal cord 
compression and extramedullary abnormalities (edema and hemorrhage) 
(CASE 2-1).** MRI is also useful in evaluating the extent of spinal cord 
compression and disk herniation and excellent in detecting compressive epidural 
and intramedullary hematomas, which can be crucial in guiding surgical decisions. 
MRI findings, such as the extent and location of spinal cord injury, can help 
clinicians predict functional outcomes and develop rehabilitation strategies.**” 

Additionally, MRI, including short tau inversion recovery (STIR) sequences, 
within 48 hours of the trauma can help assess for the amount of occult 
ligamentous instability at the level of the injury, which has been associated 
with increased risk for subluxation. In the subacute and chronic phases after a 
traumatic spinal injury, MRI can also be helpful in evaluating for a syrinx and 
progressive ascending myelomalacia.”° 

In addition to conventional MRI, new MRI modalities to assess functional 
plasticity are currently being investigated. Some of these promising techniques 
include diffusion tensor imaging, which may be useful in quantifying the extent 
of axonal loss and predicting long-term functional outcomes after blunt 
traumatic spinal cord injury;*” functional MRI (fMRI), which may be useful in 
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measuring the anatomic functional and metabolic correlates of sensory-motor 
activities in patients with traumatic spinal cord injuries;** and magnetic 
resonance spectroscopy, which can measure the biochemical characteristics of 
the brain and spinal cord leading to ischemia, gliosis, or cell death after a 
traumatic spinal cord injury.” The utility of these emerging imaging modalities 
still requires validation in large clinical studies. 

In clinical practice, patients with traumatic spinal cord injuries (mostly 
cervical) are at high risk of blunt cerebrovascular injury of their extracranial 
carotid and vertebral arteries, which is associated with an increased risk of 
morbidity and mortality.*° The mechanisms of blunt cerebrovascular injury 
include impingement of the vessel against bone, shearing and stretching of the 
vessel, or laceration of the vessel by bone fragments, leading to an intimal tear. 
Patients with atlanto-occipital or atlantoaxial dissociation injuries, cervical spine 
fractures that extend through the transverse foramen, or rotational injuries such 
as those resulting in unilateral or bilateral jumped or perched facets are at high 
risk of vascular injuries. Memphis criteria (and modified Memphis criteria)*”* 
have been developed to identify patients at high risk of blunt cerebrovascular 
injury (TABLE 2-1). If the anatomic relationships, mechanism of injury, and 
presenting symptoms indicate possible head or neck vascular injury, head and 
neck angiography should be considered. The Biffl scale (also referred to as the 
Denver scale)” classifies the severity of blunt cerebrovascular injury detected on 
neuroimaging, and it ranges from grades I to V (TABLE 2-2). The higher grades 
are usually associated with increased stroke risk.*° Grade I represents a luminal 
irregularity or dissection with less than 25% luminal narrowing; grade II is a 
dissection with a raised intimal flap or vessel thrombosis, resulting in luminal 
narrowing greater than 25%; grade III is a dissecting aneurysm or a 
pseudoaneurysm; grade IV represents complete vessel occlusion or thrombosis; 
and grade V represents vessel transection with active extravasation or 
hemodynamically significant arteriovenous fistula (TABLE 2-2) .3° 


ACUTE MANAGEMENT 

Acute traumatic spinal cord injury is accompanied by intricate and potentially 
life-threatening respiratory and cardiovascular dysfunction, necessitating 
timely medical intervention to prevent neurologic compromise and mitigate 
morbidity. 


Respiratory Management 

Respiratory failure can stem from injuries to the brain, cervical spinal cord, or 
chest that result in airway obstruction, aspiration, and impairment of 
diaphragmatic contraction (which receives innervation from C3 to C5) or 
impairment of the thoracic accessory muscles (innervated by the thoracic roots 
T1 through T11). Thus, catastrophic airway loss and traumatic spinal cord injuries 
with a higher AIS grade and higher anatomic levels of injury, such as complete 
injuries above C3, inevitably cause acute ventilatory failure in the field 

(CASE 2-1).34 When intubating a patient with a cervical traumatic spinal cord 
injury, maintaining spinal immobilization during the procedure or considering 
fiberoptic intubation is essential to reducing the risk of cervical spinal element 
displacement. In patients with partial high-cervical cord injury or mid-cervical 
injury (C3 through C5), ventilation can sometimes be maintained by accessory 
inspiratory muscles. However, these patients remain at risk of respiratory failure, 
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KEY POINTS 


@ Spinal shock is transient 
and typically associated 
with absent reflexes 
(including 
bulbocavernosus), urinary 
retention, and bladder 
distension. 


@ As a consequence of 
cervical and upper thoracic 
traumatic spinal cord 
injuries, neurogenic shock 
may manifest with 
refractory hypotension and 
bradycardia that are 
challenging to manage. 


@ Determining the need for 
radiologic assessment of the 
spine after a traumatic event 
relies on factors such as the 
patient’s mental status, the 
presence of neck or back 
pain, and the capacity to 
conduct a reliable physical 
examination. 


@ In patients who have had 
traumatic spinal cord 
injuries, high-quality CT is 
the preferred initial imaging 
modality to characterize 
vertebral fractures. 


@ MRI can reliably show the 
extent of spinal cord 
compression and signs of 
compressive epidural and 
intramedullary hematomas 
and can also help exclude 
ligamentous injury within the 
first 48 hours after traumatic 
spinal cord injuries. 


@ In patients who have had 
traumatic spinal cord 
injuries, the Memphis 
criteria are useful to identify 
those at high risk for blunt 
cerebrovascular injury, and 
the Biffl scale (also referred 
to as the Denver scale) is 
helpful to classify the 
severity of blunt 
cerebrovascular injury and 
predict the risk of ischemic 
stroke. 
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and they should be closely monitored.” The development of respiratory failure 
exacerbates the severity of traumatic spinal cord injuries assessed by the AIS. In 
addition, during the acute course of traumatic spinal cord injuries, patients may 
develop profound respiratory complications within hours to days after their 
injuries. These complications can be caused by worsening atelectasis, aspiration 
pneumonia, tissue and pulmonary edema, and accumulation of secretions and 
mucus plugging because of a weak cough.>° The respiratory failure may be 
hypoxemic, hypercapnic, or, most commonly, mixed, depending on the 
underlying causes. In clinical practice, noninvasive ventilation has a very limited 
role in the initial care of patients with traumatic spinal cord injuries. Therefore, 
when mechanical ventilation is deemed necessary, orotracheal intubation 
combined with standard in-line cervical or video or fiberoptic laryngoscopy 
should not be delayed. 


A 23-year-old man with a history of alcohol use disorder sustained 
multiple facial and rib fractures, left epidural and subdural intracranial 
hematomas, and C5 to C7 fracture dislocation with spinal cord 
compression and a ligamentous injury at C5 to C6 (FIGURE 2-2A, 2-2B, and 
2-2C) after a high-speed motorcycle collision, during which he was not 
wearing a helmet. He was unconscious and apneic when paramedics 
found him. They intubated him with manual in-line neck stabilization. 
Then they transferred him to a specialized trauma center for further 
management. In the emergency department, he had persistent deficits 
consistent with American Spinal Injury Association Impairment Scale 
grade A at the C6 level. He was also severely hypotensive and was given a 
norepinephrine infusion to attain a target mean arterial pressure of 80 mm 
Hg to 90 mm Hg for the first 3 days. He was admitted to the neuroscience 
intensive care unit for further management. Within the first 24 hours, he 
underwent C6 corpectomy and spinal stabilization with C5 to C7 fusion, 
placement of an intervertebral expandable biomechanical device, and 
placement of an anterior spinal plate at C5 to C7 (FIGURE 2-2D). His course 
in the intensive care unit included acute respiratory failure, bilateral 
apical pneumothoraxes, lung contusion, worsening cerebral edema, 
neurogenic shock (treated with norepinephrine), and left jugular vein 
thrombosis, which required anticoagulation with low molecular-weight 
heparin, which was started 12 days after his injury. The intensive care unit 
team could not extubate him because of recurrent pneumonia and weak 
cough; therefore, the patient underwent a tracheostomy. Thirty-five days 
after the accident, he was transferred to the acute rehabilitation unit. 
During his rehabilitation stay, he started to experience sudden episodes 
of uncontrolled hypertension and facial flushing, which was suspected to 
be secondary to central nervous system storming and was managed with 
propranolol and avoidance of triggers such as a rapid change in bed 
position, fevers, and bladder and abdominal distension. 
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When mechanical ventilation is necessary for patients with traumatic spinal 
cord injuries, duration depends on several factors, including the location of the 
injury, the severity and evolution of neurologic impairment, and the occurrence 
of other respiratory complications. Ventilation typically is prolonged in patients 
with cervical injuries. Although liberation from ventilation is possible and has 
been reported in many patients,*” tracheostomies may be required for patients 
with poor AIS motor scores, persistent respiratory compromise, and the inability 
to manage secretions.” Daily intensive care unit (ICU) interventions including 
respiratory recruitment maneuvers, deep suctioning, aggressive pulmonary 
hygiene, and chest physiotherapy are beneficial in promoting airway compliance 
and clearance. In patients with persistent respiratory failure, early tracheostomy 
may reduce the risk of ventilator-associated pneumonia, shorten ICU length of 
stay, and decrease laryngotracheal complications.*”"*° This recommendation is 
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FIGURE 2-2 
Imaging of the patient in case 2-1. Sagittal reformatted CT (A) shows a C6 fracture with severe 
dislocation compromising the spinal canal. Sagittal T2-weighted MRI (B) and short tau 
inversion recovery (STIR) (C) show C6 flexion-type injury with burst fracture, approximately 
25% vertebral body height loss, posterior cortex fragment retropulsion, and resulting spinal 
cord compression associated with spinal cord edema and expansion. It also shows epidural 
hematoma with the largest component at C7 to T1 causing moderate dural sac narrowing and 
rupture of the anterior longitudinal ligament at C5 to C6, the posterior longitudinal ligament at 
C6, and the ligamentum flavum at C5 and C6 (better visualized on the STIR image [C]). Sagittal 
reformatted CT (D) shows postoperative changes after C6 corpectomy and spinal 
stabilization with C5 to C7 fusion. 
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This case illustrates the typical course of a young patient with a severe 
cervical traumatic spinal cord injury that caused severe neurologic deficits, 
respiratory failure, and neurogenic shock. Prehospital and emergency 
department medical care focused on ensuring adequate oxygenation and 
perfusion. The patient's cord compression was appropriately treated with 
manual in-line neck stabilization in the field, followed by C6 corpectomy 
and spinal stabilization with C5 to C7 fusion within 24 hours of injury. The 
patient's hospital stay was complicated by neurogenic shock, which was 
treated with vasopressors. His rehabilitation course was complicated by 
autonomic dysreflexia, which was managed with propranolol and the 
avoidance of triggers. 
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not supported by high-quality evidence, and the optimal timing of tracheostomy 
is not well defined. Early diaphragmatic pacing has been shown to provide some 
benefits in helping liberate patients with acute cervical traumatic spinal cord 
injuries from ventilation, improving their spontaneous respiration, and reducing 
their hospital costs.*”** However, more large studies of early diaphragmatic 
pacing are required before any concrete recommendations can be made. 


Cardiovascular Management 

In the initial phase after traumatic spinal cord injuries, cardiovascular collapse 
can occur because of neurogenic shock and volume loss. Cardiovascular collapse 
may result in inadequate spinal cord perfusion and ischemia and contribute to 
secondary neurologic damage. Consequently, timely medical intervention is 
necessary to avert neurologic compromise and reduce morbidity. 


BLOOD PRESSURE AUGMENTATION. Hypotension is associated with poor neurologic 
outcomes in patients with traumatic spinal cord injuries, and augmenting mean 
arterial pressure (MAP) in the initial phase after injuries can improve functional 
outcomes. However, there are no high-quality data regarding optimal blood 
pressure goals in the management of acute spinal cord injuries.*? Maintaining 
MAP between 85 mm Hg and 90 mm Hg during the first week after the injury 
was recommended by the Congress of Neurological Surgeons.**’** Studies have 
evaluated shorter durations of 5 days and showed that augmenting MAP greater 
than 85 mm Hg correlates with better neurologic recovery in the first 72 hours 
and much weaker correlation during the remainder of the 7-day window.” 
Achievement of the recommended MAP goal often requires volume resuscitation 
and vasopressors. The use of vasopressors should be carefully considered on a 
case-by-case basis while taking into consideration bradycardia that accompanies 
hypotension from neurogenic shock (eg, consider agents with o1-adrenergic 
receptor and $1-adrenergic receptor agonistic effects), underlying comorbidities, 
and other potential multisystem complications that can occur after the injury. 
There is no unanimous agreement on the optimal pharmacologic agent for the 
treatment of neurogenic shock. Dopamine, norepinephrine, and epinephrine are 


Memphis Screening Criteria? 


The presence of one or more of the following criteria indicates the need for CT angiography 
(CTA) or digital subtraction arteriography to exclude blunt cerebrovascular injury 


+ Basilar skull fracture with involvement of the carotid canal 

@ Basilar skull fracture with involvement of petrous bone 

@ Cervical spine fracture 

@ Neurologic examination findings not explained by brain imaging 
@ Horner syndrome 

@ LeFort Il or Ill fracture pattern 


@ Soft tissue injury of the neck (seatbelt sign or hanging or hematoma) 


ê Data from Miller PR, et al, Ann Surg.*? 
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vasopressors frequently used to address this condition.***7 In patients with 
traumatic spinal cord injuries above T6, phenylephrine should be used with 
caution because of the potential induction of reflex bradycardia. In these cases, 
patients may not be able to mount an appropriate sympathetic response to 
counteract bradycardia. However, for patients with lower thoracic injuries in 
whom vasodilation pathology is present, phenylephrine could be a 
consideration.” 


Management of Blunt Cerebrovascular Injury 

The treatment strategy for blunt cerebrovascular injury depends on the 
mechanism, sites of injury, grade of injury, stroke burden, other associated 
injuries, and local expertise. Neurologists contribute to the recognition of blunt 
cerebrovascular injury and are often consulted to guide the treatment and 
follow-up plans. There have been no randomized trials comparing antiplatelet 
therapy with anticoagulation therapy (ie, unfractionated versus low-molecular- 
weight heparin) for the treatment of blunt cerebrovascular injury. When 
deciding the safest time to begin antithrombotic therapy, consideration should be 
given to the risk of new or worsening hemorrhage in the setting of existing stroke 
and other systemic injury burden, and it should be balanced with the risks of new 
stroke in the setting of thrombus propagation. In clinical practice, low-grade 
(Biffl grade I and II) blunt cerebrovascular injuries (TABLE 2-1) are often treated 
with antiplatelet or anticoagulation therapy.*° Updated vessel imaging should be 
considered if the patient develops new or worsening neurologic deficits. The 
duration of therapy for blunt cerebrovascular injuries is also debated. The 
common approach is to continue therapy for 3 to 6 months, followed by updated 
vessel imaging in the outpatient setting to determine the degree of vessel healing 
to guide further medical decisions. Medical treatment has a limited role in 
vascular injuries with Biffl grades of III and higher, and endovascular therapy or 
open surgical repair may be considered. 


Venous Thromboembolism Prevention 

Patients with traumatic spinal cord injuries are at higher risk of developing 
venous thromboembolism (VTE) in the first 8 weeks after injury, secondary to 
reduced vasomotor tone, venous stasis, and limited mobility.** There 


Biffl Scale for Grading Blunt Cerebrovascular Injury* 


Injury grade Angiographic characteristics 


l Luminal irregularity or dissection with <25% luminal narrowing 


II Dissection or intramural hematoma with 225% luminal narrowing 


III Pseudoaneurysm 
IV Occlusion 
Vv Transection with free extravasation 


® Data from Biffl WL, et al, J Trauma.** 
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have been no randomized trials that assess the optimal prevention protocol, 
safest time to start thromboprophylaxis, or duration of treatment in patients 
with traumatic spinal cord injuries. Administration of thromboprophylaxis 
using low-molecular-weight heparin within 72 hours of traumatic spinal cord 
injury is currently recommended by the Paralyzed Veterans of America to 
minimize the occurrence of VTEs once there is no evidence of bleeding 

(strong recommendation, low-quality evidence, grade 1C).*?** Low-dose 
subcutaneous heparin alone has been shown to have little to no protection 
against VTE in patients with spinal cord injuries.°* However, low-dose 

heparin in combination with pneumatic compression stockings or 

electrical stimulation is recommended as a prophylactic treatment strategy.” 

In terms of duration of thromboprophylaxis, the Spinal Cord Consortium and 
Congress of Neurological Surgeons recommend at least 8 weeks of pharmacologic 
treatment after acute spinal cord injuries because of the increased risk for VTE 
during that period.*° Studies that evaluated the role of inferior vena cava filter 
placement did not find a reduction in overall or pulmonary embolism-specific 
mortality; therefore, it has not been recommended except in specific patients for 
whom there are contraindications for anticoagulation or for whom 


thromboprophylaxis has failed.**”™* 


NEUROPROTECTION 

Neuroprotection in spinal cord injury refers to strategies aimed at preserving and 
protecting the integrity and function of the spinal cord after an injury. These 
approaches aim to limit the extent of secondary damage, reduce inflammation, 
promote tissue repair, and enhance neural and functional recovery. 
Neuroprotective interventions may include pharmacologic agents, cellular 
therapies, gene therapies, antioxidants, anti-inflammatory agents, and other 
strategies designed to mitigate the cascade of events that leads to further injury 
and neurologic impairment. 


Role of Steroids in Medical Management 

The potential neuroprotective effects of high-dose methylprednisolone to 
mitigate the inflammatory cascade and secondary injury following acute 
traumatic spinal cord injuries have been investigated in large randomized 
controlled studies (NASCIS I, II, and III [National Acute Spinal Cord 

Injury Studies] ).**° Overall, these trials showed no significant benefits 

from using high-dose methylprednisolone, except for an association with 
modest improvement in motor outcome, which was only observed on a post hoc 
analysis (Class III evidence) restricted to patients treated within 8 hours 

of their injuries in the NASCIS II study.** These studies showed higher rates of 
wound infection, pneumonia, sepsis, acute respiratory distress syndrome, 
gastrointestinal hemorrhage, and death among patients treated with 
steroids.” ” In 2017, the North American Spine Society suggested considering a 
24-hour infusion of high-dose methylprednisolone sodium succinate as a 
treatment option for adult patients within 8 hours of acute traumatic spinal cord 
injury.°° However, based on the literature, there is no compelling evidence that 
supports the use of steroids as a neuroprotective agent after traumatic spinal 
cord injuries, and there is a level 1 recommendation from the Congress of 
Neurological Surgeons against using high-dose methylprednisolone for the acute 
management of patients with traumatic spinal cord injuries.” 
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Role of Other Investigational Therapeutics 

Several pharmacologic and nonpharmacologic interventions have been 
attempted to achieve neuroprotection and improve functional outcomes after 
traumatic spinal cord injuries. Local epidural cooling or systemic therapeutic 
hypothermia have shown some promising results,” but there is no strong 
evidence available to support its use in clinical practice. Systemic Hypothermia in 
Acute Cervical Spinal Cord Injury” is a multicenter randomized controlled trial 
with a planned size of 120 patients that is being conducted to evaluate the 
efficacy of modest therapeutic hypothermia (eg, 33°C [94.4°F]) for 48 hours in 
treating acute cervical spinal cord injuries. Other potential neuroprotection 
agents include riluzole to reduce neuronal apoptosis. Riluzole is a glutamate 
antagonist approved to treat amyotrophic lateral sclerosis. In a phase 1 clinical 
trial, riluzole was well tolerated with a 2-week treatment course at the dose 
approved for amyotrophic lateral sclerosis and exhibited potential efficacy in 
patients with traumatic spinal cord injuries.°° The RISCIS trial (Riluzole in Acute 
Spinal Cord Injury Study) to determine the efficacy of riluzole in the acute 
treatment of spinal cord injuries“ is an ongoing phase 2B/3 multicenter 
controlled trial with a planned size of 193 patients. Investigational studies of other 
neuroprotective strategies for patients with traumatic spinal cord injuries, such 
as electrical spinal cord stimulation, minocycline, and fibroblast growth factor 
are being conducted®; however, there is no available evidence to support the use 
of these strategies. 


INDICATIONS AND TIMING OF SURGICAL MANAGEMENT 

Although the primary injury to the spinal cord is currently irreversible, the goal 
of spine surgery is to eliminate the source of further secondary injuries and 
promote neurologic recovery with decompression, spinal canal deformity 
correction, vertebral fracture reduction, and fixation and fusion. Rapid closed 
reduction to restore spine alignment until patients are taken to surgery is 
recommended for fracture and dislocation injuries." If patients with traumatic 
spinal cord injuries experience a decline in neurologic function in the presence of 
mass effect or a mass lesion, emergent operative intervention is warranted.” 
Optimal timing of surgery has not been decisively established; however, 
evidence favors performing surgical decompression within 24 hours (early 
intervention), regardless of the severity or location of injury.°*® The results of 
the largest prospective observational multicenter study, STASCIS (Surgical 
Timing in Acute Spinal Cord Injury Study), was published in 2012.°° This study 
evaluated 313 patients with acute cervical spinal cord injuries who were 
randomized to early surgery (eg, less than 24 hours) or late surgery (eg, more 
than 24 hours) and found that at 6 months after injury, an improvement of 2 or 
more grades in AIS scores was seen in 19.8% of the early-surgery group as 
compared with 8.8% in the late-surgery group. There is emerging literature 
(based on small cohort studies) that suggests even earlier intervention 

(8 to 12 hours after traumatic spinal cord injuries) is associated with better 
outcomes.” 

However, the follow-up prospective observational study SCI-POEM (Surgical 
Treatment for Spinal Cord Injury study) evaluated 159 patients with traumatic 
spinal cord injuries who had early surgery (12 or fewer hours after injury) or late 
surgery (more than 12 hours and fewer than 14 days after injury) and found no 
significant or clinically meaningful neurologic improvements 12 months after 
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KEY POINTS 


@ When mechanical 
ventilation is deemed 
necessary after traumatic 
spinal cord injury, 
orotracheal intubation 
combined with standard 
in-line cervical or video or 
fiberoptic laryngoscopy 
should not be delayed. 


@ In cervical traumatic 
spinal cord injuries, patients 
often require an extended 
duration of mechanical 
ventilation, but most 
patients can be successfully 
liberated from the 
ventilator. 


@ In patients with persistent 
respiratory failure, early 
tracheostomy may reduce 
ventilator-associated 
pneumonia, shorten 
intensive care unit length of 
stay, and decrease 
laryngotracheal 
complications. 


@ Hypotension is associated 
with poor neurologic 
outcomes in patients with 
traumatic spinal cord 
injuries, and augmenting 
mean arterial pressure in the 
initial phase after injuries 
can improve functional 
outcomes. 


@ In patients with traumatic 
spinal cord injuries above 
T6, phenylephrine should be 
used with caution because 
of the potential risk of reflex 
bradycardia. 


@ Patients with traumatic 
spinal cord injuries are at 
higher risk of developing 
venous thromboembolism in 
the first 8 weeks after injury, 
secondary to vasomotor 
tone loss, venous stasis, and 
limited mobility. 
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injury.® In addition, a recent randomized controlled trial of 72 patients 

with preexisting cervical canal stenosis who sustained traumatic spinal cord 
injuries showed that early surgical treatment was associated with 

accelerated recovery within the first 6 months but produced similar motor 
outcomes at 1 year after injury compared with delayed surgical treatment.®? The 
clinical evidence favors early surgical decompression (ie, earlier than 24 hours 
after injury), yet there is still no high-level evidence or standardized guidelines 
to guide the timing and optimal surgical interventions for acute traumatic 
spinal cord injuries, and additional large cohort prospective studies are 


watranted. 


EARLY RECOVERY AND REHABILITATION 


Traumatic spinal cord injuries not only limit independence and impair 

physical function, but they also cause many systemic complications, including 
contractures, spasticity, autonomic dysreflexia, poor nutrition, neurogenic 
bladder and bowel, urinary tract infections, pressure ulcers, orthostatic 
hypotension, deep vein thrombosis (DVT), and depressive disorders 

(FIGURE 2-3).’ Neurologists play an essential role in the management of patients 
with traumatic spinal cord injuries as well as associated traumatic brain injury 
and systemic complications. Neurologists can also contribute to the diagnosis and 
treatment of many complications such as autonomic alterations, dysphagia, 
spasticity, pain, sphincter dysfunction, and mood disorders. Early rehabilitation 
starts in the intensive care unit to prevent these complications, and efforts are 
individualized and based on the location and severity of the injury, the age of the 
patient, and the presence of underlying comorbidities. In addition, a 
multidisciplinary team of physical and occupational therapists, dietitians, 


Spinal shock 


e Preservation of adequate 
oxygenation and perfusion 


Refractory shock 


e Clarify underlying etiology 
e Fluids and vasopressors 


Neurogenic shock Infections 
e Fluid and vasopressors e Identify source 
e Antibiotics 


Respiratory failure 
e Mechanical intubation 


Dysphagia, stress ulcer, and GI bleed 


e Consider histamine 2 receptor 
blocker or proton pump inhibitor 
e Video swallowing study 
e Nasogastric tube/percutaneous 
gastrostomy 
Venous thromboembolism 
e Intermittent pneumatic 
compression + prophylactic 
low-molecular-weight heparin 
e Consider inferior vena cava 
filter in some cases 
Delirium and sleep disorder 
e Sleep hygiene 
e Control of pain and spasticity 
e Continuous positive airway pressure 
if sleep breathing disorder with 
obstruction 


FIGURE 2-3 
Systemic complications after traumatic spinal cord injury. 
GI = gastrointestinal. 
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Orthostatic hypotension 
e Compressive stockings, 
abdominal binder, and midodrine 
(conservative dosing) 


Autonomic dysreflexia 
e Identify and avoid triggers 


Constipation 
e Bowel regimen 


Urinary retention 
e Intermittent bladder 
catheterization 
Leg edema 
e Leg elevation and compressive 
hose 
Spasticity and chronic pain 
e Physical therapy, baclofen, and 
botulinum toxin injections 
e Physical therapy, analgesics, 
and medications for neuropathic 
pain as pertinent 


Depression, anxiety, and 
sexual dysfunction 
e Psychotherapy, and 
antidepressants as pertinent 
e Adjustment strategies 
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psychologists, speech therapists, social workers, and patient families are all 
involved in the rehabilitation process and can assist in minimizing and managing 
these complications; for more information, refer to the article “Symptomatic 
Treatment of Myelopathy” by Kathy Chuang, MD,”° in this issue of Continuum. 
The most common and important complication in the subacute and chronic 
phase of traumatic spinal cord injuries is the development of joint contractures 
and stiffness. Joint positioning is important to protect the articular structure and 
maintain optimal muscle tone. Physical and occupational therapists will help in 
improving patients’ range of motion and strengthening exercises. Early 
engagement with physical therapy specialists is recommended to restore muscle 
retention and minimize deconditioning.” Physical therapy sessions should 
occur at least once per day and last for at least 20 minutes per session. If patients 
with chronic spinal cord injury experience extreme fatigue during physical 
therapy, electrical stimulation may be a useful alternative to strengthen the 
muscles.”””? In addition, electric wheelchairs and brain-controlled 
neuroprostheses are all additional tools to expedite functional recovery. 
Randomized clinical trials are needed to determine the effect of newer tools on 
the short- and long-term recovery of patients with traumatic spinal cord injuries. 
Autonomic dysreflexia, which occurs after recovery from spinal shock and 
neurogenic shock as early as 4 to 5 days after injury and may reoccur at any time 
point through the course of recovery, is another problematic complication in the 
subacute and chronic phase of traumatic spinal cord injury (CASE 2-1).”* 
Autonomic dysreflexia results from unopposed sympathetic activity triggered by 
cutaneous or visceral stimulation below the lesion, such as bladder distension, 
detrusor sphincter dyssynergia, fecal impaction, and pressure sores. It is more 
common and severe in patients with complete spinal cord injury and upper 
spinal cord (T6 or higher) lesions.’”*” Signs and symptoms include tachycardia 
or reflex bradycardia, severe headache, and sudden paroxysmal hypertension. 
Above the lesion, patients with autonomic dysreflexia may experience 
flushing, perspiration, and increased secretions due to a compensatory increased 
parasympathetic response. Below the lesion, patients may experience 
piloerection and signs of vasoconstriction (eg, pale, cool limbs) due to excessive 
sympathetic nervous system activity. The most effective treatment interventions 
involve identifying and eliminating triggering factors. If medications are 
necessary, it is preferable to use short-acting direct vasodilators (eg, 
hydralazine). It is important to exercise caution when using vasoactive 
medications in patients with traumatic spinal cord injuries to prevent 
hypotension.”° 


PROGNOSIS 

The most common impairments experienced by patients with traumatic spinal 
cord injuries after being discharged from the hospital are incomplete 
quadriplegia (45%), incomplete paraplegia (22%), complete paraplegia (20%), 
and complete quadriplegia (13%)’””* There has been no improvement in 

the life expectancy of patients with traumatic spinal cord injuries over the past 
few decades.**7? Mortality is highest within the first 6 to 12 months after 
injury, especially in older patients and those with high cervical lesions and 
severe neurologic deficit.” Rehospitalizations because of urinary infections, 
pressure sores, and a variety of other conditions are very common in patients 
with traumatic spinal cord injuries (about 30% of patients in any given year). 


CONTINUUMJOURNAL.COM 


KEY POINTS 


@ Administration of 
thromboprophylaxis using 
low-molecular-weight 
heparin within 72 h of a 
traumatic spinal cord injury 
is currently recommended 
by the Paralyzed Veterans of 
America to minimize the 
occurrence of venous 
thromboembolism once 
there is no evidence of 
bleeding. 


@ Administration of 
high-dose steroids has been 
discouraged because of its 
associated adverse effects 
in patients with traumatic 
spinal cord injuries. 


@ There is no evidence 
supporting the use of 
pharmacologic or 
nonpharmacologic 
interventions for 
neuroprotection in patients 
with traumatic spinal cord 
injuries. 


@ Emergent operative 
intervention should be 
considered for patients with 
traumatic spinal cord 
injuries whose neurologic 
function declines in the 
presence of mass effect or 
mass lesion. 


@ The optimal timing of 
surgery for traumatic spinal 
cord injuries has not been 
conclusively established; 
however, prospective 
cohort studies suggest early 
surgery (within 24 hours) to 
achieve definitive cord 
decompression and spine 
stabilization may be 
beneficial. 
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KEY POINTS 


@ Neurologists play a 
crucial role in identifying 
and addressing various 
complications that occur 
after traumatic spinal cord 
injuries, including autonomic 
dysreflexia, difficulty 
swallowing, muscle 
stiffness, pain, problems 
controlling sphincter 
muscles, and mood 
disorders. 


@ Rehabilitation efforts for 
patients with traumatic 
spinal cord injuries should 
start as soon as the patient is 
clinically stable and should 
be individualized to achieve 
the patient's fullest 
physical, emotional, social, 
vocational, and functional 
recovery. 


@ Early engagement with 
physical therapy specialists 
is recommended for 
patients with traumatic 
spinal cord injury to improve 
muscle retention and 
minimize deconditioning. 
Physical therapy sessions 
should occur at least once 
per day and last for at least 
20 minutes per session. 


@ Patients with traumatic 
spinal cord injuries located 
at T6 or higher commonly 
experience autonomic 
dysreflexia, a delayed 
complication that can 
trigger episodes of sudden 
and severe hypertension. 


@ Mortality is highest in the 
first 6 to 12 months after 
traumatic spinal cord injuries. 


@ The primary factors for 
prognostic assessment of 
traumatic spinal cord 
injuries include the 
American Spinal Injury 
Association Impairment 
Scale grade of severity, the 
level of the injury, and the 
cord’s radiologic 
appearance on spinal MRI. 
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Prognostication for patients with spinal cord injuries involves estimates 
of functional and neurologic recovery, and there are many disability scales with 
different characteristics and relative advantages that are now available.** The 
injury location, AIS grade, severity of injury, and appearance of the spinal cord 
on MRI are the main prognostic tools used to evaluate patients with traumatic 
spinal cord injuries.** The Spinal Cord Independence Measure is the most widely 
recommended tool to assess the functional abilities and impairment in the 
follow-up of patients with traumatic spinal cord injuries.” This linear scale 
ranges from o to 100 and comprises sections on self-care activities, respiratory 
function, bladder and bowel management, and mobility.” Recent clinical studies 
showed promising results for the use of MRI diffusion tensor imaging as a 
potential noninvasive prognostic tool in spinal cord injuries, but additional 
studies are needed. 


NEUROREGENERATION 

The complex pathophysiology of traumatic spinal cord injuries and the lack 
of therapeutics to repair or regenerate damaged neurons necessitate 

new therapeutic approaches to mitigate poor outcomes after injury. 
Neuroregenerative therapies have emerged as an exciting and active area of 
research to find new strategies to protect and regenerate the injured spinal 
cord and improve long-term functional outcomes. Transplantation of neural 
stem cells, embryonic stem cells, mesenchymal stem cells, induced pluripotent 
stem cells, oligodendrocyte precursor cells, Schwann cells, and olfactory 
ensheathing cells are a focus of active research.** However, all of these novel 
therapies are strictly investigational and may be associated with adverse 
outcomes.” 


CONCLUSION 

Traumatic spinal cord injuries remain a significant cause of morbidity and 
mortality, with limited effective treatments available. The most effective 
strategy to mitigate the effect of this devastating condition is through primary 
injury prevention, education, and the use of vehicle safety devices. In the 
event of an injury, prompt and effective management is crucial, starting with 
stabilizing patients at the prehospital stage and swiftly transporting them to a 
specialized traumatic spinal cord injury center. A comprehensive physical and 
neurologic examination, along with imaging evaluations, is necessary to 
determine the location and severity of the injury and guide decisions 

regarding surgical or conservative approaches. The advancement of spinal 
instrumentation has improved surgical management of spinal fractures and the 
ability to address spinal mechanical instability. Both surgical and nonsurgical 
approaches should be promptly implemented to stabilize patients with traumatic 
spinal cord injuries, with a focus on correcting hypoxia, reversing hypoperfusion, 
and preventing systemic complications, thus improving functional outcomes. 
The pathophysiologic processes following spinal cord injuries are highly 
complex, and our understanding of these processes requires further 
exploration. There are no proven strategies for neuroprotection, but research 
in neuroregenerative therapies holds promise in finding new methods to 
protect and regenerate the injured spinal cord, ultimately restoring functional 
capabilities. 
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Spinal Cord Neoplasms 


By J. Ricardo McFaline-Figueroa, MD, PhD 


ABSTRACT 

OBJECTIVE: This article discusses the diagnostic approach to patients with 
suspected neoplasms of the spinal cord and reviews the most common 
primary and metastatic spinal neoplasms and their presentations. 


LATEST DEVELOPMENTS: Neoplasms of the spinal cord are rare entities that 
can involve the spinal cord parenchyma, the dura and leptomeninges, 
or the extradural space. The most common intramedullary spinal cord 
neoplasms are primary spinal cord tumors, including ependymomas, 
pilocytic astrocytomas, and diffuse midline gliomas. The most common 
primary neoplasms of the spine are intradural extramedullary spinal 
meningiomas, whereas primary neoplasms of the leptomeninges are 
rare. Advances in molecular characterization of spinal cord tumors 

and recent clinical trials of these rare entities are expanding the 
repertoire of systemic therapy options for primary spinal cord 
neoplasms. Metastases to the spine most often affect the extradural 
space. Metastatic epidural spinal cord compression is a neurologic 
emergency that requires a rapid, multidisciplinary response to preserve 
neurologic function. 


ESSENTIAL POINTS: Neurologists should understand the diagnostic approach 
to neoplasms of the spinal cord. Knowledge of the most common spinal 
cord neoplasms will allow for appropriate management and optimal 
patient care. 


INTRODUCTION 
ncologic causes of spinal cord dysfunction include primary 
neoplasms of the spinal cord, cancer metastases to the spine and 
spinal meninges, and myelopathies secondary to cancer 
treatment. Spinal neoplasms are rare overall, with an annual 
age-adjusted incidence of 0.97 per 100,000 persons, according 
to analysis of the National Program of Cancer Registries and Surveillance, 
Epidemiology, and End Results databases.* Spinal tumors can be organized 
based on their neuroanatomic location as intradural intramedullary 
(ie, spinal cord parenchyma), intradural extramedullary (ie, dura and 
leptomeninges), and extradural (ie, exiting nerve roots, bony vertebrae, and 
surrounding structures). Extradural spinal tumors are the most common and 
usually represent malignant metastatic disease, whereas primary tumors of 
the spinal cord typically affect the intramedullary spinal cord or spinal 
meninges. This article reviews the diagnostic approach to spinal cord 
neoplasms as well as the most common primary and metastatic neoplasms 
of the spine. For more information about complications of cancer treatment, 
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refer to the article “Metabolic and Toxic Myelopathies” by Kathryn B. 
Holroyd, MD, and Aaron L. Berkowitz, MD, PhD, FAAN,’ in this issue 
of Continuum. 


DIAGNOSTIC APPROACH TO SPINAL MASSES 

Neurologists should be familiar with the presentation and workup of suspected 
spinal neoplasms. The following section reviews important details of the medical 
history and physical examination as well as the appropriate neuroimaging and 
ancillary testing for patients with spinal masses. 


History and Physical Examination 

Most patients with spinal cord neoplasms present with subacute onset of back 
pain, myelopathy, or radiculopathy. Pain may be secondary to the infiltration of 
adjacent vertebral bones, with or without pathologic fracture or soft tissue 
infiltration (eg, epidural metastases), or the direct mass effect on the spinal cord 
and spinal meninges, or the pain may follow a radicular pattern in patients with 
nerve root compression.’ As opposed to other spinal neoplastic processes, 
metastatic epidural cord compression can present very acutely, especially in the 
setting of pathologic fracture. The high prevalence of back pain in the general 
population leads to a challenge in determining which patients to screen for spinal 
neoplasms. All patients with a history of cancer and new-onset back pain should 
be screened for spinal neoplasms unless a clear precipitating factor (eg, recent 
trauma) can be identified. Additional risk factors to consider include advanced 
age and pain in spinal levels not usually affected by degenerative joint disease, 
such as thoracic back pain. Back pain with new-onset neurologic symptoms 
should also be thoroughly investigated, with the understanding that pain and 
deficits may not colocalize. Suspicious symptoms include intracranial symptoms, 
such as headache or cranial neuropathies, which might suggest a diffuse central 
nervous system (CNS) process such as leptomeningeal carcinomatosis. 

Weakness is a common presentation of spinal neoplasms, affecting 30% to 
75% of patients.* The pattern of weakness depends on the level of spinal 
involvement and may be symmetrical or asymmetrical. It is important to 
recognize that radicular involvement can present with relatively isolated 
neurologic deficits, such as foot drop or saddle anesthesia, compared with 
intramedullary metastases, which generally present with bilateral deficits. 
Additional common symptoms include numbness, gait instability, difficulty 
voiding urine, urinary incontinence, and constipation. 

Medical history evaluation for patients with cancer should include the exact 
pathologic diagnosis. For example, a diagnosis described simply as “lung cancer” 
fails to account for the differences in rates of CNS metastasis, such as small cell 
lung cancer which has approximately double the rate of brain metastasis 
compared to non-small cell lung cancer.’ The most recent cancer staging should 
be reviewed, if possible, because progressive metastatic disease confers a higher 
risk of CNS metastases. A thorough review of current and past oncologic 
treatments will also aid risk assessment. For example, patients with relatively 
well-controlled metastatic EGFR-altered non-small cell lung cancer on erlotinib 
have a relatively higher risk of CNS involvement than similar patients on 
osimertinib, given erlotinib’s poor blood-CNS barrier penetration.° Moreover, a 
review of therapies and comorbidities, such as chemotherapy-induced peripheral 
neuropathy, will help provide context for physical examination findings. 
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Neurologic examination in patients suspected of having a spinal neoplasm 
should include at least strength testing, reflex testing, a detailed sensory 
examination, and gait assessment as well as a musculoskeletal examination of the 
neck, torso, and pelvis. An upper motor neuron pattern of weakness, 
hyperreflexia, upgoing plantar reflex, and sensory level in the torso suggest an 
intramedullary lesion or spinal cord compression. In contrast, cauda equina 
syndrome or isolated radiculopathies typically present with flaccid weakness, 
hyporeflexia or areflexia, mute or downgoing toes, and radicular or diffuse 
patterns of numbness, depending on the extent of involvement. In patients 
receiving active therapy for cancer or with a history of cancer, it is important to 
recognize that reflexes and sensory examination are often confounded by 
concurrent chemotherapy-induced peripheral neuropathy, and findings may be 
falsely localizing. Moreover, it is important to recognize that in patients with 
cancer who present with new back pain, normal neurologic examination findings 
do not exclude a spinal neoplasm. 


Neuroimaging and Differential Diagnosis of Spinal Imaging Results 

The imaging modality of choice is gadolinium contrast-enhanced MRI. 
Intramedullary spinal neoplasms usually show an expansile lesion at one or 
multiple spinal levels with varying degrees of mass effect, surrounding edema, or 
contrast enhancement. Imaging in patients with cauda equina syndromes and 
leptomeningeal metastases may show enhancement of the nerve roots or pial 
surface of the spinal cord, although imaging may be normal. Small 
intramedullary lesions or leptomeningeal involvement may not always be 
radiographically evident. MRI of the entire spine is indicated for patients 
undergoing workup of suspected spinal neoplasms, regardless of the localization 
of neurologic deficits, because asymptomatic lesions at other spinal levels may 
clarify the diagnosis and change management. For patients in whom 
leptomeningeal carcinomatosis is a significant concern, contrast-enhanced MRI 
of the head is indicated for the same reasons. MRI of the spine also has the 
advantage of evaluating the surrounding vertebrae and soft tissues, which are 
often involved in cases of epidural metastases. In patients with contraindications 
to MRI, contrast-enhanced CT of the spine may be helpful, although it is much 
more limited because of its lesser soft tissue discrimination and vulnerability to 
bony artifact. 

Neuroimaging may be sufficient to diagnose a spinal neoplasm in some 
patients, such as those with known advancing or widely metastatic cancer 
without other significant risk factors. However, for patients without a cancer 
diagnosis or with known but early-stage or otherwise well-controlled disease, 
physicians must consider alternative diagnoses. Disease entities that can mimic 
spinal neoplasms include vascular malformations such as spinal dural 
arteriovenous fistulas, demyelinating diseases such as neuromyelitis optica, and 
benign cystic lesions.’ Patients with a history of cancer are also at risk of 
myelopathies secondary to treatment interventions, which are reviewed in 
TABLE 4-1’ and exemplified 
in FIGURE 4-1.7* 


Lumbar Puncture and Cerebrospinal Fluid Analysis 


CSF analysis should be considered in cases of negative or equivocal imaging 
findings and high suspicion for spinal neoplasms or in patients with spinal cord 
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KEY POINTS 


@ Neoplasms of the spinal 
cord typically present with 
subacute back pain, 
myelopathy, or 
radiculopathy. 


@ All patients with a history 
of cancer and new-onset 
back pain should be 
screened for spinal 
metastases, regardless of 
neurologic examination 
findings. 


@ For patients with cancer, 
treating neurologists should 
review risk factors for spinal 
metastases, such as the 
precise cancer diagnosis, 
current status of disease, 
prior and current 
treatments, and important 
comorbidities, such as 
chemotherapy-induced 
peripheral neuropathy. 


@ Physicians must always 
consider the differential 
diagnosis of spinal mass 
lesions, including 
nononcologic etiologies and 
cancer treatment-related 
myelopathies. 
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neoplasms in whom CSF involvement will affect oncologic management. As 
discussed in the previous section, neoplasms of the spinal leptomeninges can be 
particularly difficult to diagnose by imaging alone. Because elevated intracranial 
pressure in patients with cancer should prompt suspicion for leptomeningeal 
carcinomatosis, diagnostic lumbar puncture should include measurement of 


Differential Diagnosis of Intradural Intramedullary Spinal Mass Lesions? 


Primary intramedullary spinal cord neoplasms 

+ Spinal ependymoma 

@ MYCN-amplified spinal ependymoma 

@ Myxopapillary ependymoma 

@ Subependymoma 

+ Pilocytic astrocytoma 

+ Diffuse midline glioma, H3K27-altered 

@ Hemangioblastoma 

@ Astrocytoma, [DH-mutant 

+ Glioblastoma, IDH-wildtype 

+ Oligodendroglioma, IDH-mutant and 1p/19q-codeleted 

@ Primary central nervous system lymphoma 

@ Medulloblastoma (rare) 

Metastases to the intramedullary spinal cord 

Metastatic carcinoma (rare) 

@ Secondary central nervous system lymphoma 

Benign tumors 

@ Epidermoid cyst 

@ Dermoid cyst 

+ Lipoma 

@ Neuroenteric cyst 

Myelopathies related to cancer treatment 

Toxic myelopathy secondary to intrathecal chemotherapy (eg, methotrexate, cytarabine) 
@ Immune checkpoint inhibitor-mediated myelitis 

@ Radiation-induced myelopathy 

Vascular malformations 

Cavernous malformation 

+ Dural arteriovenous fistula or arteriovenous malformation 
Demyelinating diseases 

@ Neuromyelitis optica or myelin oligodendrocyte glycoprotein-associated disease 


@ Multiple sclerosis 


ê Data from Shih RY et al, Radiogr Rev Publ Radiol Soc N Am Inc.” 
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opening pressure. Common 

CSF findings in these patients 
include elevated protein levels, 
low glucose levels, and 
pleocytosis; however, these 
findings can be highly variable. 
Conventional cytology 
examination refers to direct 
visualization of neoplastic cells 
in CSF, but sensitivity is reduced 
by low-volume sampling, delays 
in cellular fixation, and sample 
degradation. Multiple lumbar 
punctures increase the sensitivity, 
with evidence indicating an 
increase from 60% to nearly 
90% after 3 lumbar punctures.’ 
If there is suspicion of a 
hematologic malignancy, 
immunophenotyping with 
appropriate diagnostic markers 
and flow cytometry can aid in 
diagnosis. Recent advances in 
CSF examination have further 
increased the sensitivity of CSF 
examination with technologies 
that allow enrichment for and identification of circulating tumor cells from CSF. 
These advances use cell surface markers as well as CSF circulating tumor DNA to 
look for disease-specific variants (eg, mutant EGFR in patients with EGFR- 
altered non-small cell lung cancer).*° 


FIGURE 4-1 
Immune checkpoint inhibitor-mediated myelitis. 
Sagittal postcontrast T1-weighted (A) and 
T2-weighted (B) MRIs show contrast-enhancing 
lesions of the cervical and thoracic spinal cord 
(A, arrows; B, arrowheads) in a patient with 
immune checkpoint inhibitor-mediated myelitis 
after treatment with pembrolizumab for advanced 
bladder cancer. 


Biopsy and Tumor Resection 

The gold standard for oncologic diagnosis remains the direct evaluation of tumor 
tissue, although as described previously, spinal neoplasms can be diagnosed 
radiographically in select circumstances. Biopsy or tumor resection is usually 
indicated for most patients with spinal masses who do not have a history of 
cancer, and it is the major diagnostic modality for primary spinal neoplasms. 


PRIMARY NEOPLASMS OF THE SPINAL CORD 

Primary, meaning nervous system-derived, neoplasms of the spine include 
intramedullary spinal cord neoplasms, intradural extramedullary neoplasms, and 
extradural neoplasms. This section details the most common primary neoplasms 
of the spine. 


Ependymomas 

Ependymomas are the most common primary neoplasms of the intramedullary 
spinal cord, with an age-adjusted annual incidence of 0.21 per 100,000 persons.” 
Histologically, ependymomas are well demarcated, circumscribed tumors 
consisting of small cells arranged in perivascular pseudorosettes or as true 
ependymal rosettes with a central lumen, but they vary in the degree of atypia, 
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KEY POINTS 


@ Multiple lumbar 
punctures increase the 
sensitivity of conventional 
cytology for detecting 
leptomeningeal neoplasms. 


@ CSF analysis for cell 
surface markers and 
circulating tumor DNA for 
disease-specific variants 
may improve the sensitivity 
of leptomeningeal tumor 
detection. 


@ Ependymomas are the 
most common primary 
intramedullary neoplasms of 
the spinal cord. 
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CASE 4-1 


mitotic activity, and oncogenic drivers.* Since 2021, ependymomas have been 
classified by their localization and genome-wide methylation pattern into 10 
different categories: (1) supratentorial subependymoma, (2) supratentorial 
ependymoma ZFTA (C110rf95)-fusion positive, (3) supratentorial ependymoma 
YAP1-fusion positive, (4) posterior fossa subependymoma, (5) posterior fossa 
ependymoma group A, (6) posterior fossa ependymoma group B, (7) spinal 
subependymoma, (8) spinal ependymoma, (9) spinal myxopapillary 
ependymoma, and (10) MYCN-amplified spinal ependymoma. Although 


A 35-year-old man presented with 6 months of progressive new-onset 
back pain, leg weakness, and unsteady gait. His neurologic examination 
was notable for 4-/5 weakness of the tibialis anterior bilaterally, areflexia 
at the patellar and Achilles 

tendons, and flexor plantar 

responses. MRI of his lumbar 

spine showed an intradural 

enhancing mass lesion that 

involved the conus medullaris 

and proximal lumbosacral 

nerve roots (FIGURE 4-2). He 

underwent a T12 through L1 

laminectomy with gross total 

tumor resection. Pathologic 

examination revealed a World 

Health Organization grade 2 

spinal ependymoma. Molecular 

analysis did not reveal MYCN 

gene amplification. Staging 

workup included MRI of the 

brain and entire spine, which 

did not show additional areas 

of involvement, and CSF 

analysis, which showed normal 

protein levels, no pleocytosis, CUNCA 

and negative cytology. He Imaging of the patient in casE 4-1. Sagittal 
received postsurgical focal postcontrast T1-weighted MRI shows a 


radiation therapy (50.4 Gy in heterogeneously enhancing mass lesion of the 
28 fractions) followed by conus medullaris and proximal lumbosacral nerve 


7 roots (arrow) in a patient with spinal ependymoma. 
observation. He did not have 


tumor recurrence after 5 years 
of follow-up. 


COMMENT 
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This case highlights a common presentation of an intradural intramedullary 
spinal cord neoplasm. The majority of neoplasms in this anatomic 
compartment are primary central nervous system neoplasms, with 
ependymoma being the most common. 
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complex, this subclassification offers more prognostic value and accurate risk 
stratification than histology-based diagnosis.*° 

Spinal ependymomas refer to those that do not have features of 
subependymoma or myxopapillary ependymoma and lack MYCN gene 
amplification.* Spinal ependymomas may present with signs and symptoms of a 
myelopathy, cauda equina, or radicular symptoms and back pain. CASE 4-1 
discusses a typical presentation of spinal ependymoma of the conus medullaris. 
It typically affects adults, with a median age of 41 years, and possibly has a slight 
male predominance.*° Gadolinium-enhanced MRI of the spine typically shows 
an enhancing mass of the central spinal canal, sometimes with a cystic 
appearance, that may be associated with the presence of syringomyelia rostral 
or caudal to the enhancing mass.’ Diagnosis of all subtypes of spinal 
ependymomas requires tissue confirmation and, when available, molecular 
testing for methylation profiling and to rule out MYCN amplification. Most 
spinal ependymomas are classified as World Health Organization (WHO) grade 
2, although those with high mitotic activity or spinal cord invasion point to a 
more aggressive clinical course and are designated WHO grade 3.° The 
most frequently altered gene in most types of ependymomas is inactivation or 
loss of the NF2 gene. Neurofibromatosis type 2 is an inherited cancer 
predisposition syndrome caused by germline inactivation of the NF2 tumor 
suppressor gene, which encodes for the protein merlin and is associated 
with a propensity for ependymomas, meningiomas, and schwannomas.™ All 
patients with a diagnosis of spinal ependymoma should be screened for 
neurofibromatosis type 2 through a review of diagnostic criteria, genetic 
testing, or both. 

Although rare in spinal ependymoma, ependymomas are capable of distant 
nervous system metastasis, so patients should undergo an evaluation to 
determine the extent of disease, including MRI of the brain and CSF analysis with 
cytological evaluation. The pillar of management of isolated spinal ependymoma 
remains neurosurgical resection, with a goal of gross total resection while 
preserving neurologic function because this offers the best prognosis.” In 
patients who have a subtotal resection, inoperable lesions, or recurrent disease, 
radiation therapy is typically recommended.” There is no established systemic 
chemotherapy regimen for the management of spinal ependymoma, although 
dose-dense temozolomide plus lapatinib, carboplatin-based regimens, 
bevacizumab, and oral etoposide are common salvage chemotherapy approaches 
to recurrent spinal ependymoma.’**° Spinal ependymoma is usually associated 
with a good prognosis and a 15-year survival rate of 75%, influenced by the degree 
of resection and patient age, although it may be associated with significant 
morbidity.” 

High-level MYCN gene amplification is the hallmark of a more aggressive 
subgroup of spinal ependymoma: MYCN-amplified spinal ependymomas.*** 
These tumors are not classified by WHO grade, but they exhibit high-grade 
histopathologic features, such as hypercellularity, marked cellular atypia, nuclear 
hyperchromasia, prominent nucleoli, high mitotic activity, necrosis, and 
microvascular proliferation. MYCN-amplified spinal ependymomas exhibit a 
methylation pattern that is distinct from spinal ependymomas, and they lack 
alterations in the NF2 gene. MYCN gene amplification is not found in the 
intracranial ependymoma subgroups. As opposed to spinal ependymomas, 
dissemination to the brain, meninges, or CSF is common in MYCN-amplified 
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spinal ependymomas. Treatment of MYCN-amplified spinal ependymomas 
follows that of spinal ependymomas, and likewise, no specific chemotherapeutic 
regimen is established for this subgroup. The recurrence rate of MYCN-amplified 
spinal ependymomas is very high at 75%, and the prognosis is poor.”® 

Spinal myxopapillary ependymomas are WHO grade 2 tumors that arise in the 
conus medullaris and filum terminale and can be seen at all ages, but they 
predominantly affect adults.* They typically present with back pain, although 
given their localization, they can also cause sensorimotor deficits, changes in 
bowel or bladder function, and erectile dysfunction. Gadolinium-enhanced MRI 
of the spine typically shows a well-circumscribed enhancing mass with cystic or 
hemorrhagic changes in the caudal spinal cord.’ Histologically, spinal 
myxopapillary ependymomas display a radial arrangement of cuboidal cells 
around hyalinized fibrovascular cores in a papillary structure with myxoid 
material. Despite being relatively slow-growing tumors, they have a high rate of 
dissemination to other areas of the neuraxis and a relatively high relapse rate. 
Treatment is predominantly surgical, and the role of radiotherapy or 
chemotherapy is not well established, although radiotherapy is often used in the 
setting of recurrent disease. 

Spinal subependymomas are WHO grade 1 tumors characterized by a 
circumscribed clustering of small cells resembling subependymal glia in an 
expansive matrix of fibrillary cytoplasmic processes, and they typically lack 
high-grade features. Spinal subependymomas are often asymptomatic, making 
the determination of their true incidence difficult to ascertain. If symptomatic, 
they are managed by surgical resection alone and recurrence is rare. 


Pilocytic Astrocytomas 

Pilocytic astrocytomas are well-circumscribed astrocytic tumors, 
characterized histologically by bipolar hairlike cells, myxoid regions, 
Rosenthal fibers, and eosinophilic granular bodies.* They are the most 
common gliomas in children, and they account for 17.6% of all childhood 
primary brain tumors. Intracranial pilocytic astrocytomas are more common 
than their spinal counterparts and commonly affect the cerebellum and 
optic pathways, particularly in patients with neurofibromatosis type 1. 
Approximately 5.1% of patients with pilocytic astrocytoma have spinal 
disease, and these patients typically present with neck or back pain, 
myelopathic symptoms, or headache.’? Most patients are diagnosed in 
childhood, although adult cases have been well described. 

On neuroimaging, spinal pilocytic astrocytomas are typically enhancing 
masses arising from the spinal cord parenchyma in the cervicothoracic region 
and may have a cystic appearance.’ Diagnosis is made through surgical sampling, 
although a presumptive imaging diagnosis can be made in the setting of 
neurofibromatosis type 1 given the high prevalence of pilocytic astrocytomas in 
patients with this condition. Metastatic dissemination is present in about a 
quarter of patients, with involvement of the leptomeninges or brain. Pilocytic 
astrocytomas are molecularly characterized by mitogen-activated protein kinase 
(MAPK) pathway activation, most commonly through an aberrant fusion 
protein KIAA1549-BRAF, other BRAF variations such as BRAFY®°, or 
alterations in the FGFR gene.*° Although these alterations are also seen in 
intracranial pilocytic astrocytomas, spinal pilocytic astrocytomas form a distinct 
DNA methylation cluster from their intracranial counterparts. 
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Treatment of spinal pilocytic astrocytomas has traditionally centered on 
neurosurgical resection with radiation therapy reserved for inaccessible tumors 
or recurrent disease. However, recent advances in targeted therapy have paved 
the way for a more personalized medicine approach. Combination treatment 
with the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib is US Food 
and Drug Administration (FDA) approved for all tumors with BRAFY°°°* 
variations, in part based on evidence showing objective responses in gliomas 
bearing this gene variation.” It should be noted that BRAF inhibitors have 
been associated with paradoxical MAPK activation and triggering of tumor 
growth in tumors with “type 2” BRAF alterations, namely BRAF fusions such as 
KIAA1549-BRAF, and should be avoided in patients with these gene variations.** 
However, KIAA1549-BRAF-driven pilocytic astrocytomas do seem to respond to 
single-agent MEK inhibition.*®** Radiotherapy is also a common treatment for 
recurrent or surgically inaccessible disease, although studies have not shown a 
clear benefit to immediate postsurgical irradiation. 


Diffuse Midline Gliomas 
Diffuse midline gliomas are a class of primary CNS tumors that involve the 
midline structures of the neuraxis. The most common site of involvement in 
infants and children is the brainstem, particularly the pons (eg, diffuse intrinsic 
pontine gliomas), whereas in adolescents and adults, the typical presentation is in 
the bilateral thalami or spinal cord. Patients with spinal cord involvement 
typically present with subacute myelopathic symptoms, although simultaneous 
involvement of other midline structures may lead to cranial neuropathies or 
hemispheric symptoms. 

Radiographically, diffuse intrinsic pontine gliomas and brainstem diffuse 
midline gliomas appear as highly infiltrative, expansile, T1 hypointense and 
T2 hyperintense lesions, most commonly centered in the pons or cerebellar 
peduncles with occasional extension into the cerebellar vermis or mesial 
cerebellar hemispheres, and they exhibit varying degrees of contrast 
enhancement.” In the spinal cord, diffuse midline gliomas usually appear as T1 
isointense and T2 hyperintense expansile lesions in the cervical or thoracic spine, 
with varying degrees of enhancement. They are associated with significant 
surrounding edema and may have a cystic component or accompanying 
syringomyelia.” Diagnosis can be made by neuroimaging alone in the case of 
diffuse intrinsic pontine gliomas, although accurate diagnosis of spinal cord 
diffuse midline gliomas will almost always require surgical sampling. 
Histologically, diffuse midline gliomas appear as diffusely infiltrating small 
monomorphic or polymorphic cells with frequent mitoses. Recent molecular 
analysis of diffuse intrinsic pontine gliomas and other diffuse midline gliomas 
have uncovered a high rate of gene variations that result in epigenetic 
dysregulation.” Most common among these is variation of the H3F3A gene, 
which encodes for the histone variant H3.3, resulting in substitution of a 
methionine for a lysine at position 27 (ie, H3K27M), which prevents 
trimethylation and interactions with the epigenetic regulator polycomb repressor 
complex 2.” When present, H3K27M variation defines a specific disease entity: 
diffuse midline glioma, H3K27-altered. Rarely, diffuse midline gliomas are driven 
instead by overexpression of enhancer of zeste homolog inhibitory protein, 
which phenocopies the effect of H3K27 variation by inhibiting the catalytic 
subunit of polycomb repressor complex 2, or alterations in EGFR.”* Diffuse 
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midline gliomas are aggressive, WHO grade 4 types of CNS cancer, and they are 
very refractory to therapy. 

Despite maximal safe resection and postsurgical radiotherapy, most patients 
with these tumors will have a replase within months of therapy, and median 
overall survival rates remain less than a year. There are no systemic therapies 
known to be effective for this tumor type, although several agents are being 
investigated in clinical trials. 


Hemangioblastomas 

Hemangioblastomas are highly vascular tumors that can develop anywhere along 
the neuraxis, most commonly in the cerebellum but also the brainstem, spinal 
cord, supratentorial brain, and eyes. They rarely involve non-CNS structures.” 
Hemangioblastomas are rare, with an annual incidence rate of 0.15 per 100,000 
persons, and they most often present as sporadic, single tumors, with an average 
age of occurrence of 50 years. However, nearly all individuals with von 
Hippel-Lindau disease, an autosomal dominant inherited disorder due to 
single-copy inactivation of the VHL gene, develop multiple synchronous 
hemangioblastomas, often at a younger age, with a mean age of onset of 25 years. 
Patients with von Hippel-Lindau disease are additionally at risk of renal cell 
carcinoma, pheochromocytomas, pancreatic neuroendocrine tumors, and 
papillary cystadenomas. Approximately 25% of hemangioblastomas associated 
with von Hippel-Lindau disease are localized to the spinal cord, with the 
remainder commonly affecting the cerebellum, brainstem, and retina. 
Hemangioblastomas of the spinal cord can present with pain, weakness, sensory 
loss, gait disorder, or bowel and bladder problems, but they may also 

be asymptomatic. 

On contrast-enhanced MRI, these are avidly enhancing masses, and 
they often form cystic lesions with a mural nodule. Diagnosis of sporadic 
hemangioblastomas usually requires biopsy and histopathologic evaluation 
showing large vacuolated stromal cells and a rich capillary network. Loss of 
inhibin in stromal cells by immunohistochemistry confirms the diagnosis, as does 
evidence of inactivation of the VHL gene. In patients with von Hippel-Lindau 
disease, however, the diagnosis can often be made radiographically, given the 
high propensity for hemangioblastomas to occur in patients with von 
Hippel-Lindau disease. 

Management of spinal cord hemangioblastomas was historically limited to 
surgical resection of symptomatic lesions by an experienced spine neurosurgeon, 
with stereotactic radiosurgery reserved for unresectable symptomatic lesions. In 
patients with von Hippel-Lindau disease, most experienced providers will 
recommend surveillance for asymptomatic hemangioblastomas, given the risk of 
iatrogenic myelopathy from spinal surgery and a natural history of developing 
many CNS hemangioblastomas throughout their lifetime. Recently, the 
hypoxia-inducible factor 2a inhibitor belzutifan was approved by the FDA for 
CNS hemangioblastomas associated with von Hippel-Lindau disease, renal cell 
carcinomas, and pancreatic neuroendocrine tumors.?° In CNS 
hemangioblastomas, belzutifan demonstrated an overall response rate of 63%, 
and a median duration of response was not reached, with 73% of responders with 
CNS hemangioblastomas remaining progression-free for more than a year. This 
agent specifically targets the constitutive activation of hypoxia-inducible factor 
a/ß pathways that results from loss or inactivation of the VHL gene. 
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Other Less Common Gliomas of the Intramedullary Spinal Cord 

Diffuse gliomas of the brain can rarely involve the intramedullary spinal cord or 
spinal meninges. These include astrocytic tumors such as IDH-wildtype 
glioblastomas (WHO grade 4), JDH-mutant astrocytomas (WHO grades 2 to 4), 
and JDH-mutant and 1p/19-codeleted oligodendrogliomas (WHO grades 2 

and 3).* The annual incidence of spinal cord involvement in IDH-wildtype and 
IDH-mutant astrocytic tumors is 0.03 per 100,000 persons, and it is significantly 
lower for oligodendrogliomas.* The spinal cord may be the primary or only site 
of involvement, or it may be the site of metastasis from intracranial disease. 
Presenting symptoms mirror those of other intramedullary spinal cord masses or, 
in the case of leptomeningeal involvement, present with signs of increased 
intracranial pressure, such as headache, nausea, vomiting, or vision changes, and 
malignant radiculopathies. Management generally mirrors that of intracranial 
tumors, although surgery is often limited to biopsy alone, given the infiltrative 
nature of these tumors and the high morbidity of extensive spinal resections. 
Intramedullary astrocytomas are typically treated with radiation therapy and 
concurrent and maintenance chemotherapy for high-grade gliomas (ie, WHO 
grades 3 and 4) or sequential chemotherapy for low-grade gliomas (ie, WHO 
grade 2).>*°? Unfortunately, both disease progression and complications of 
treatment can lead to significant morbidity, and prognosis remains quite poor, 
particularly in patients with high-grade gliomas. 


Primary Spinal Leptomeningeal Neoplasms 

Spinal leptomeningeal neoplasms are most commonly encountered as metastases 
from advanced systemic cancer or as an extension of primary brain or 
intramedullary spinal tumors. However, there are also neoplasms that primarily 
develop from the leptomeninges. Diffuse leptomeningeal glioneuronal tumors 
are glioneuronal neoplasms confined most commonly to spinal, but sometimes 
brain, leptomeninges and are molecularly characterized by hyperactivation of 
the MAPK pathway." Diffuse leptomeningeal glioneuronal tumors are rare. The 
exact incidence of diffuse leptomeningeal glioneuronal tumors is unknown. They 
are most common in the pediatric setting with a median age of 5 years at 
diagnosis. Patients may present with signs of increased intracranial pressure, 
such as headache, nausea, and vomiting as well as focal neurologic symptoms, 
such as radiculopathies, cranial neuropathies, and gait impairment. 
Neuroimaging typically shows diffuse leptomeningeal enhancement, usually in 
the spine, as well as leptomeningeal nodularity or cystic lesions. There is limited 
evidence regarding treatment of diffuse leptomeningeal glioneuronal tumors, 
although case series support the use of radiation therapy or chemotherapy with 
temozolomide or platinum-based regimens.** The prognosis is highly variable, 
from months of survival to long-term disease stabilization. 

Diffuse and circumscribed meningeal melanocytic neoplasms are another 
group of primary leptomeningeal spinal neoplasms.* These are subdivided based 
on the degree of cellular atypia, mitotic activity, and brain invasion into 
melanocytosis (benign appearing) or melanomatosis (malignant appearing) for 
diffuse meningeal melanocytic neoplasms and melanocytomas (benign- 
appearing) or melanomas (malignant-appearing) for circumscribed meningeal 
melanocytic neoplasms. The presentation includes typical symptoms of 
leptomeningeal carcinomatosis in diffuse disease, such as increased intracranial 
pressure or radiculopathy, although melanocytosis may be asymptomatic. Spinal 
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cord compression may occur with meningeal melanocytoma or melanoma. The 
clinical course mirrors the degree of malignant features on histopathology. The 
prognosis for primary meningeal melanomatosis or meningeal melanomas is 
poor, and benign-appearing lesions can sometimes have significant morbidity 
and mortality. There is no standardized treatment for these entities, although 
case reports of response rates to immune checkpoint blockade similar to the 
response rates for treatment of cutaneous metastatic melanoma 

are encouraging.” 


Spinal Meningiomas 

Spinal meningiomas are the most common primary tumors of the spinal cord or, 
more accurately, the spinal pachymeninges (ie, dura mater), with an 
age-adjusted annual incidence of 0.32 per 100,000 persons.’ The median age at 
onset is 65 years, and the ratio of occurrence in women versus men is 
approximately 9:1.3° Spinal meningiomas are predominantly benign 
slow-growing tumors of meningothelial cells, although there are multiple 
subtypes, and a minority of meningiomas display a more aggressive cancerlike 
course.” Based on their histologic and genomic characteristics, spinal 
meningiomas are largely divided into WHO grade 1 benign meningiomas (90%), 
WHO grade 2 atypical meningiomas (5%), and WHO grade 3 malignant 
meningiomas (5%). Most spinal meningiomas are sporadic, although in some 
patients they are linked to genetic disorders such as neurofibromatosis type 2. 
Exposure to ionizing radiation (eg, history of spinal irradiation) is a well-known 
environmental risk factor for spinal meningiomas. Frequently, spinal 
meningiomas are asymptomatic and incidentally found, although even benign 
meningiomas can cause significant pain and myelopathic or radicular symptoms 
through compression of the spinal cord or nerve roots. 

On contrast-enhanced MRI, spinal meningiomas classically appear as 
enhancing extramedullary intradural masses, often with visible extension into 
the dura (ie, dural tail) and frequently with calcified areas. Asymptomatic spinal 
meningiomas are usually monitored radiographically, but fast-growing or 
symptomatic spinal meningiomas require intervention. The recommended 
therapy for spinal meningiomas includes maximal safe resection, with a goal of 
complete tumor removal along with resection of its dural attachment. Radiation 
therapy in spinal meningiomas is typically reserved for subtotally resected, 
recurrent, or high-grade (WHO grade 2 or 3) tumors. 


Solitary Fibrous Tumor 

Solitary fibrous tumors, previously referred to as hemangiopericytomas, are rare 
fibroblastic tumors that can develop in intrathoracic and intraabdominal 
membranes as well as the dural meninges, and approximately 10% of CNS 
solitary fibrous tumors occur in the spine.* Similar to spinal meningiomas, 
solitary fibrous tumors can present with back pain, myelopathy, or 
radiculopathy, although rarely insulin-secreting solitary fibrous tumors can 
present with hypoglycemia. CNS solitary fibrous tumors can also metastasize to 
other organs and present with non-CNS signs and symptoms. 

On contrast-enhanced MRI, these are T1 hypointense and T2 hyperintense 
intra- or extradural extramedullary tumors with variable contrast enhancement, 
and sometimes a dural tail is visible, making it difficult to differentiate from 
meningiomas by imaging alone.*” The diagnosis is made through tissue sampling, 
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usually as part of a planned tumor resection. Once solitary fibrous tumors are 
confirmed, an MRI of the entire neuraxis and contrast-enhanced CT of the 
chest, abdomen, and pelvis are indicated to rule out metastatic disease. 
Histologically, these are tumors of spindled to ovoid cells arranged around 
branching vasculature with stromal collagen deposition and STAT6 nuclear 
expression. They are characterized by a genomic inversion in chromosome 12 
that results in a NAB2-STAT6 gene fusion. Management of spinal solitary 
fibrous tumors includes neurosurgical resection with a goal of gross total 
tumor resection, frequently followed by postsurgical radiation therapy in 
patients in whom only a subtotal resection is achieved. There is no consensus 
on the management of metastatic disease, although conventional 
chemotherapy with dacarbazine and doxorubicin and anti-angiogenic 
targeted therapies, such as the vascular endothelial growth factor (VEGF) 
receptor 1-3 and platelet-derived growth factor receptor tyrosine kinase 
inhibitor pazopanib, are frequently used. 


Schwannomas 

Schwannomas are benign peripheral nerve sheath tumors composed entirely of 
neoplastic cells resembling differentiated Schwann cells.* Schwannomas can 
develop anywhere along the course of peripheral nerves, and intradural 
extramedullary tumors at the exiting nerve roots and extradural vertebral 
neuroforamina are common. Most cases are sporadic and are most commonly 
encountered in middle and late life, but schwannomas may be encountered in 
younger individuals in certain germline cancer predisposition syndromes. 
Neurofibromatosis type 2 is an inherited disorder of germline NF2 tumor 
suppressor gene inactivation that is associated with a propensity for 
ependymomas, meningiomas, and schwannomas.” Vestibular schwannomas are 
a hallmark of neurofibromatosis type 2 and occur in more than 90% of these 
patients, often affecting the vestibulocochlear nerves bilaterally. Discrete 
paraspinal schwannomas as well as plaquelike plexiform schwannomas, which 
predominantly affect the cervical region and the brachial and sacral plexus, may 
be seen in patients with neurofibromatosis type 2. Additionally, there are 
non-neurofibromatosis type 2-related inherited schwannomatosis syndromes 
that are usually related to germline inactivation of SMARCB1or LZTR1 or loss of 
heterozygosity in chromosome 22. Spinal schwannomas often present with 
pain, although many are discovered incidentally and are asymptomatic. In 
patients with neurofibromatosis type 2-related and SMARCB1/LZTR1-related 
schwannomatosis, pain is a chronic and potentially debilitating symptom. On 
contrast-enhanced MRI, schwannomas appear as T1 isointense, avidly enhancing 
mass lesions with variable T2 signal intensity. The diagnosis is made through 
direct histopathologic tissue examination showing a neoplasm of Schwann cell 
differentiation and extensive S100 and SOX10 expression. However, the 
diagnosis can be made based on radiographic characteristics alone in patients 
with neurofibromatosis type 2-related or SMARCB1/LZTR1-related 
schwannomatosis. Treatment of symptomatic paraspinal schwannomas consists 
of management of pain, with surgical excision reserved for patients with 
uncontrolled pain or neurologic deficits secondary to spinal cord or nerve root 
compression. However, repeated surgical intervention in patients with 
schwannomatosis represents a significant challenge. Systemic therapy with the 
anti-VEGF-A monoclonal antibody bevacizumab is an option for treatment of 
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surgically inaccessible or multiple symptomatic schwannomas, based on proven 
activity in vestibular schwannomas, as well as radiation therapy.*? 


Neurofibromas 

Neurofibromas are another type of peripheral nerve sheath tumor that can be 
encountered in the form of intradural extramedullary masses as well as 
extradural lesions. As opposed to schwannomas, neurofibromas contain a 
mixture of cell types, including mature neoplastic Schwann cells intermixed 
with other non-neoplastic cells.* These most commonly present in the skin as 
small cutaneous neurofibromas, but they can develop in the spinal nerve 
roots, trunks, plexus, and medium-sized nerves. These tumors are largely 
sporadic, although they are the hallmark of the inherited cancer 
predisposition syndrome neurofibromatosis type 1. Neurofibromatosis type 1 
is driven through germline inactivation of the NF1 tumor suppression gene 
and loss of neurofibromin, a negative regulator of RAS signaling.*®° Patients 
with neurofibromatosis type 1 typically develop hundreds of cutaneous 
neurofibromas and multiple paraspinal and large nerve neurofibromas by 
adulthood as well as café-au-lait macules, skin-fold freckling, and ocular 
findings (eg, Lisch nodules). These patients are also predisposed to other 
tumor types such as optic pathway gliomas, pilocytic astrocytomas, 
gastrointestinal stromal tumors, pheochromocytomas, breast cancer, and 
juvenile myelomonocytic leukemia. Plexiform neurofibromas can also 
develop, and all neurofibromas have the potential to transform into malignant 
peripheral nerve sheath tumors. Spinal neurofibromas are typically 
asymptomatic, although they may present with neurologic symptoms due to 
mass effect from cord or nerve root compression as well as pain. The most 
useful modality for imaging and surveillance is MRI, whereas positron 
emission tomography (PET) scans have high sensitivity for malignant 
transformation. Most sporadic spinal neurofibromas will not require 
treatment. Management of patients with neurofibromatosis type 1, however, 
requires active surveillance of known neurofibromas, frequent dermatologic 
and ophthalmic examination, and regular screening for CNS and non-CNS 
malignancies. Symptomatic neurofibromas of the spine or elsewhere are 
typically managed surgically, although systemic therapy with MAPK pathway 
inhibitors (eg, MEK inhibitors) was recently approved because of evidence of 
activity in surgically inaccessible neurofibromatosis type 1-related 

plexiform neurofibromas.** 


METASTATIC SPINAL CORD DISORDERS AND EXTRADURAL 
METASTASES 

The most common neoplasms of the spinal cord are metastases from non-CNS 
solid or hematologic malignancies. The following sections review their 
presentation and diagnosis as well as the management of epidural cord 
compression. 


Spinal Metastases From Solid Cancers 

More than 95% of spinal metastases from solid cancers are extradural 
reflecting bony vertebral metastasis which can locally invade the dura.* 
Isolated intradural spinal cord metastases are rare, especially intramedullary 
metastases. Leptomeningeal metastases are relatively more common, with 


FEBRUARY 2024 


an incidence of 1% to 37% in solid tumors and usually develop late in the course of 
disease.** Similar to brain metastases, some malignancies are more likely than others 
to metastasize to the spine. The most common solid malignancies to metastasize to 
the bony spine are breast cancer, lung cancer, and prostate cancer, although most 
advanced cancers can present with extradural spinal metastases. In leptomeningeal 
carcinomatosis, breast cancer, lung cancer, and melanoma are the most common 
sources of metastasis. So-called drop metastases can also occur from any primary 
brain cancer and may be dural, leptomeningeal, or intramedullary. Patients with 
spinal metastases most often present with back pain, although they can also develop 
weakness, sensory changes, or bowel and bladder symptoms from mass effect on 
the spinal cord or spinal nerve roots. 

The imaging modality of choice is contrast-enhanced MRI and should include 
the entire spine to identify any asymptomatic spinal metastases because this will 
affect treatment decisions. Patients with intradural or intramedullary metastases 
should undergo brain MRI to rule out concurrent intracranial metastases. If 
recent non-CNS staging is not available, patients should undergo restaging CT of 
the chest, abdomen, and pelvis or PET scan. Treatment of spinal metastases 
depends on the presence of neurologic deficits, spine stability, specific cancer 
diagnosis, extent of CNS involvement, and status of non-CNS disease. Initial 
neurologic management focuses on the preservation or improvement of 
neurologic function and requires a multidisciplinary approach along with spine 
surgeons, radiation oncologists, and medical oncologists. 


Spinal Metastases From Hematologic Malignancies 

Compared with solid malignancies, hematologic malignancies are much more 
prone to intradural spinal metastasis in addition to bony spread. The incidence 
of CNS leukemia in patients with adult acute lymphoblastic leukemia ranges 
from 5% to 15%, but it is rarely seen in acute myeloid leukemia.*? CNS leukemia 
most commonly presents as intradural CSF and leptomeningeal metastasis 

and only rarely as a solid mass. The most useful approach for diagnosis in 
leukemic leptomeningeal involvement is CSF analysis with cytology and 
immunophenotyping by flow cytometry, whereas imaging with contrast- 
enhanced MRI can be used to identify solid lesions. Nearly all adults with 

acute lymphoblastic leukemia are screened and prophylactically treated for 
leptomeningeal involvement with intrathecal chemotherapy or, rarely, 
craniospinal irradiation. Treatment for leptomeningeal acute lymphoblastic 
leukemia includes chemotherapeutic regimens that incorporate highly 
brain-penetrant agents, such as high-dose methotrexate or high-dose cytarabine, 
steroids, or the addition of intrathecal chemotherapy, whereas radiation therapy 
is largely reserved for mass lesions that require localized therapy. Targeted 
therapies with adequate brain penetration, such as dasatinib, also play a role in 
acute lymphoblastic leukemia bearing BCR-ABL gene fusions (ie, 

Philadelphia chromosome). 

Systemic lymphomas as well as primary CNS lymphomas can also present 
with spinal cord involvement, as in CASE 4-2. The most common histology to 
affect the CNS is diffuse large B-cell lymphoma, and affected patients may 
present with intradural intramedullary, intradural leptomeningeal, dural, or 
extradural involvement. 

An important consideration in making a diagnosis of spinal metastases from 
hematologic malignancies is the phenomenon of spillover in patients with 
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indolent hematologic malignancies with a high burden of neoplastic cells in 
peripheral blood. For example, it is not uncommon to identify chronic 
lymphocytic leukemia cells in the CSF of patients with untreated chronic 
lymphocytic leukemia and very high white blood cell counts in peripheral blood. 
This can lead to misdiagnosing non-neoplastic CNS disorders as CNS lymphoma 
based on spillover of leukemic cells incidentally identified through CSF analysis 
by immunophenotyping and flow cytometry. 


CASE 4-2 A 77-year-old man with a history of non-central nervous system diffuse 
large B-cell lymphoma in complete remission 2 months after induction 
chemotherapy presented with 2 weeks of progressive lower extremity 

weakness and impaired gait. 
Neurologic examination showed lower 
extremity weakness in an upper motor 
neuron pattern, and he was only able 
to move his legs in the plane of the 
bed. His reflexes were brisk 
throughout his lower extremities and 
normal in his upper extremities, and 
he had extensor plantar responses 
(ie, positive Babinski sign). He had 
complete sensory loss below his 
T9 dermatome. MRI of his spine 
showed an avidly enhancing, 
intramedullary spinal cord mass lesion 
at T9 (FIGURE 4-3) with extensive 
surrounding edema, presumed to be 
metastasis from his diffuse large 
B-cell lymphoma. He emergently 
underwent focal radiation therapy 
(40 Gy in 2 fractions) to his spinal cord, 
spanning T8 through T10 followed by 
FIGURE 4-3 high-dose IV methotrexate. He 
Imaging of the patient in CASE 4-2. regained full lower extremity strength 
Sagittal postcontrast Ti-weighted MRI during the following months and 
shows a homogeneously enhancing - completed 6 cycles of high-dose 
mass lesion of the intramedullary spinal ` . 
cord at T9 (arrow) in a patient with methotrexate and rituximab. He 
non-central nervous system diffuse remained disease free 2 years after 
large B-cell lymphoma and secondary presentation. 


central nervous system lymphoma of 
the spinal cord. 


COMMENT This case highlights the presentation of primary or secondary central 
nervous system lymphoma with intradural intramedullary spinal cord 
involvement. Cases such as these should be considered a neurologic 
emergency and require rapid treatment with radiotherapy, chemotherapy, 
or both. 
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Epidural Spinal Cord Compression From Spinal Metastases 

Epidural spinal cord compression from spinal metastases can occur from both 
solid and hematologic malignancies, and it is a neurologic emergency.** The 
epidural space is an extradural vascular and fatty compartment confined 
between the dura mater and the bony vertebral canal. Bulky metastasis to the 
epidural space or pathologic spinal fractures due to bony vertebral metastasis can 
cause rapid spinal cord compression and risk permanent paralysis, sensory loss, 
bowel and bladder dysfunction, or even death, depending on the spinal level. The 
most common malignancies to present with epidural spinal cord compression are 
breast, prostate, and lung cancer, given the high incidence of bony metastases, as 


A 22-year-old previously healthy man presented with 5 days of 
progressive new-onset back pain and leg numbness. A review of systems 
revealed several weeks 

of fatigue and night sweats. 

His neurologic examination 

showed mild weakness of his 

lower extremities in an upper 

motor neuron pattern, brisk 

lower extremity reflexes, 

diminished sensation below 

the nipple line, and a 

wide-based unsteady gait. 

MRI of his spine showed an 

enhancing epidural mass 

lesion with spinal cord 

compression at T4, without 

vertebral fracture 

(FIGURE 4-4*°). He underwent 

emergent T3 through T4 

laminectomy for surgical 

decompression and mass 

excision. Pathology revealed 

Hodgkin lymphoma. After 

surgery, his neurologic 

examination returned to FIGURE 4-4 


. Imaging of the patient in case 4-3. Sagittal 
normal. He received 6 cycles postcontrast Ti-weighted MRI shows a 


of induction chemotherapy homogeneously enhancing epidural mass 

and remained in remission surrounding and compressing the spinal cord at 

2 years later. T4 (arrow) in a patient with epidural spinal cord 
compression from Hodgkin lymphoma. 
Reprinted with permission from Neurology for 
Non-neurologists.*° © 2023 Ebix Inc. 


CASE 4-3 


Epidural spinal cord compression is a severe and occasional presentation 
of metastases to the bony spine. This case highlights how rapid surgical 
decompression can improve neurologic outcomes. 
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well as renal cell carcinoma, non-Hodgkin lymphoma, and multiple myeloma. 
Epidural spinal cord compression is typically a late feature of the natural history 
of metastatic cancer, although it may be the presenting sign, particularly in 
patients with hematologic malignancies, as in CASE 4-3. Patients typically present 
with acute or subacute back pain, which may be radicular, as well as weakness 
and gait instability, which may be insidious or acute. Patients with suspected 
epidural spinal cord compression should be emergently evaluated with 
contrast-enhanced MRI of the spine and, if confirmed, referred emergently to a 
specialized center staffed with spine surgeons. The most important prognostic 
indicators of ambulatory outcome are pretreatment motor function and the 
rapidity of symptom onset, such that patients with preserved gait before 
treatment or recent symptom onset have the best chances of neurologic recovery. 
Treatment of epidural spinal cord compression depends on the specific histology, 
although all patients should receive corticosteroids as an initial management step. 
Loading doses of dexamethasone vary between 10 mg and 100 mg IV followed 
by standing dexamethasone. In patients with known radiosensitive histologies, 
such as most hematologic malignancies, radiation therapy to the site of epidural 
spinal cord compression can be sufficient to preserve neurologic function in 
ambulatory patients. Surgical intervention is indicated for patients with 
radioresistant histologies, unknown primary cancer diagnosis, or an unstable 
spine. A landmark study of radiotherapy alone versus immediate surgical 
decompression and spine stabilization followed by radiotherapy in epidural 
spinal cord compression showed a significant increase in the number of patients 
able to ambulate after combined surgery and radiotherapy treatment compared 
to radiation therapy alone.* In select chemosensitive patients, such as those with 
CNS lymphoma, emergent chemotherapy may relieve spinal cord compression, 
but these patients often are considered for radiation therapy and surgical 
intervention as well. 


CONCLUSION 

Neoplasms of the spinal cord are rare, but they will undoubtedly be encountered 
by neurologists. Familiarity with spinal cord neoplasms and common mimics as 
well as familiarity with the workup and basic management of these tumors is 
essential to ensure accurate diagnosis and preservation of neurologic function. 
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Genetic Myelopathies 


By Kara Stavros, MD, FAAN 


ABSTRACT 

oBJECTIVE: This article provides an overview of genetic myelopathies, a 
diverse group of inherited, degenerative conditions that may be broadly 
categorized as motor neuron disorders, disorders of spinocerebellar 
degeneration, leukodystrophies, and hereditary spastic paraplegia. 
Clinical examples from each category are provided to illustrate the 
spectrum of genetic myelopathies and their distinguishing features that aid 
in differentiating genetic myelopathies from potentially treatable acquired 
causes of myelopathy. 


LATEST DEVELOPMENTs: Advances in genetic testing have vastly enhanced 
current knowledge of genetic myelopathies and the ability to diagnose and 
provide appropriate counseling to patients and their families. However, 
potential health care disparities in access to genetic testing is a topic that 
must be further explored. Although treatment for most of these conditions 
is typically supportive, there have been recent therapeutic breakthroughs 
in treatments for amyotrophic lateral sclerosis, spinal muscular atrophy, 
and Friedreich ataxia. 


ESSENTIAL POINTS: Genetic myelopathies may present with chronic and 
progressive symptoms, a family history of similar symptoms, and 
involvement of other structures outside of the spinal cord. Imaging often 
shows spinal cord atrophy, but cord signal change is rare. Exclusion of 
reversible causes of myelopathy is a key step in the diagnosis. There are 
many different causes of genetic myelopathies, and in some cases, 
symptoms may overlap, which underscores the utility of genetic testing in 
confirming the precise underlying neurologic condition. 


INTRODUCTION 
enetic myelopathies encompass a wide range of inherited, 
degenerative neurologic disorders. Advances in genetics have 
identified a growing array of genes associated with genetic 
myelopathies, providing a greater understanding of the breadth 
and pathophysiology of these conditions, facilitating greater 
diagnostic closure for patients, and identifying potential targets for future 
therapeutics. In this article, the range of genetic causes of myelopathy is 
considered in four broad categories, with specific examples provided in each 
category: (1) hereditary spastic paraplegia (HSP), (2) motor neuron disorders, 
(3) leukodystrophies, and (4) spinocerebellar degeneration. 
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GENERAL APPROACH TO PATIENTS WITH SUSPECTED GENETIC 
MYELOPATHY 

It is important to consider an inherited cause of myelopathy in the differential 
diagnosis for patients presenting with myelopathic symptoms and, conversely, to 
consider spinal cord involvement in patients known to have certain 
neurodegenerative conditions. Clinical symptoms of myelopathy due to a genetic 
cause are similar to those in patients with chronic myelopathy from other causes. 
Presentations typically include a variable combination of motor and sensory 
deficits, spasticity, hyperreflexia, and bladder symptoms. The age of onset of 
symptoms may be variable because genetic myelopathies can present across the 
lifespan from infancy to adulthood, but the time course is typically chronic and 
slowly progressive. In genetic myelopathies, other manifestations of the 
underlying disorder outside of the spinal cord may be detected by history or 
clinical examination (TABLE 5-1). However, there are some exceptions; for 
example, patients with HSP may present with predominantly myelopathic 
symptoms without significant systemic features.””* 

Assessment of a patient with a suspected genetic cause of myelopathy requires 
obtaining a detailed family history to probe for relatives with similar symptoms. 
However, it should be noted that a negative family history does not exclude the 
possibility of a genetic cause. Family history may be unrevealing for a variety of 
reasons, such as cases of de novo genetic variations, variable penetrance and 
phenotypes within the same family, autosomal recessive inheritance, or a 
patient’s lack of knowledge of family members’ medical histories. 

Evaluation of a suspected genetic myelopathy should always include testing to 
exclude acquired and potentially treatable causes of myelopathy, such as 
structural, nutritional, vascular, or demyelinating etiologies. This may include 
neuroimaging of the brain and spinal cord, as well as laboratory studies or nerve 
conduction studies and EMG. In patients with genetic myelopathies, MRI of the 
spinal cord may be normal or may show spinal cord atrophy without signal 


Extraspinal Symptoms in Selected Genetic Myelopathies 


Genetic myelopathy Extraspinal symptoms 


Familial amyotrophic Pseudobulbar affect, cognitive impairment, dementia 
lateral sclerosis 


Spinobulbar muscular Gynecomastia, infertility, testicular atrophy, diabetes, 
atrophy sensory neuropathy 

Hereditary spastic Numerous phenotypes; may include cognitive changes, 
paraparesis extrapyramidal symptoms, seizures, hearing loss, optic 


atrophy, ataxia, dysarthria 


Hexosaminidase A Cerebellar atrophy, ataxia, dysarthria, dysphagia, 

deficiency psychiatric symptoms 

Adrenomyeloneuropathy Adrenal insufficiency, cognitive changes, peripheral 
neuropathy 

Friedreich ataxia Optic atrophy, hearing loss, hypertrophic cardiomyopathy, 


ataxia, dysphagia, nystagmus, scoliosis, dysarthria, 
peripheral neuropathy 
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change. It is rare for MRI to show signal change in the spinal cord in these cases; 
there are some exceptions, including several of the genetic leukodystrophies, but 
in these patients, there is usually concomitant cerebral involvement.* Diagnostic 
testing not only excludes acquired causes of myelopathy but may offer clues as to 
the underlying inherited condition. 


GENETIC TESTING 

Genetic testing can help confirm the diagnosis once the initial diagnostic workup 
is performed to exclude acquired causes and narrow the differential diagnosis. 
Genetic testing plays an important role in making a final diagnosis, particularly 
because many of the clinical symptoms may overlap in different genetic 
conditions. There are no clinical guidelines providing recommendations for 
when and how to pursue genetic testing in genetic myelopathies, but testing 
should always be carefully considered and the potential disadvantages and 
benefits explored. Options may include testing a panel of genes targeted to the 
suspected condition or whole-exome sequencing. Whole-exome sequencing 
diagnostic yield is highly variable but may identify a specific diagnosis in 
neurogenetic conditions at a rate of approximately 30%.>° Whole-exome 
sequencing may be less sensitive in detecting gene deletions or duplications. 

Current understanding of the genes implicated in genetic myelopathies has 
steadily advanced, but it is still an evolving landscape. Results of testing can at 
times be inconclusive or falsely negative because many of the genetic variations 
that underlie these disorders have yet to be identified; therefore, a negative test 
result does not definitively exclude a potential genetic etiology. Interpretation of 
variants of uncertain significance is a persistent challenge. Another limitation of 
genetic testing may be the cost, although free sponsored testing may be available 
in some cases from nonprofit organizations or pharmaceutical companies. 
Additionally, health care disparities exist regarding ensuring equitable access to 
genetic testing; some patients may have limited access because of location, 
socioeconomic factors, a lack of awareness, or distrust of how their medical 
information will be used.”? 

Genetic testing should be ordered and reviewed always by a physician who has 
the expertise and resources to counsel patients and their families on the results 
regardless of whether they are positive, negative, or inconclusive. Coordination 
of care with a medical geneticist and genetic counselor is extremely beneficial. 


HEREDITARY SPASTIC PARAPLEGIA 

HSP comprises a large group of disorders characterized by degeneration of the 
corticospinal tracts and dorsal column tracts and classically presents with 
progressive spasticity, weakness in the lower extremities, and hyperreflexia, 
typically with sensory deficits and bladder involvement. This clinical 
presentation is further illustrated in CASE 5-1. In the realm of genetic 
myelopathies, HSP may be variably characterized as a motor neuron disorder or a 
distal motor-sensory axonopathy. Onset may occur during childhood or 
adulthood, and many associated symptoms have been described in different 
genotypes and phenotypes of HSP, including neuropathy, cognitive changes, 
extrapyramidal symptoms, hearing loss, seizures, optic atrophy, ataxia, and 
dysarthria among others.* HSP may be classified as complicated when associated 
with these additional neurologic or systemic findings, as opposed to what may 
variably be referred to as the pure, simple, or uncomplicated form presenting 
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KEY POINTS 


@ Genetic myelopathies 
often manifest with other 
systemic signs or symptoms 
associated with the 
myelopathy, and these may 
be clues to the diagnosis. 


@ On neurologic history, 
suspicion for genetic 
myelopathy may be raised if 
there is a slow progression 
of symptoms and a family 
history of similar symptoms. 
However, a negative family 
history does not exclude a 
genetic cause. 


@ Evaluation for a genetic 
myelopathy should always 
include testing to rule out 
potentially reversible 
causes of myelopathy. 


@ In genetic myelopathies, 
MRI of the spine most 
commonly shows spinal 
cord atrophy without signal 
change. 


@ Barriers to access to 
genetic testing exist, 
including cost, location, lack 
of awareness, and distrust. 


@ Genetic testing should be 
performed by a physician 
with expertise in counseling 
patients and their families, 
and coordination of care 
with a medical geneticist 
may be beneficial. 
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predominantly with weakness and spasticity. These classifications do not reflect 
the wide variability in genotypic-phenotypic correlation that may be seen; for 
example, patients with genetic variations typically associated with 
uncomplicated HSP may present with other systemic manifestations, and 
conversely, patients with genetic variations typically associated with complicated 
HSP may have relatively few systemic manifestations.” 

The inheritance pattern of HSP can be autosomal recessive, autosomal 
dominant, or X-linked. To date, more than 79 genes have been implicated in 
HSP,” and this heterogeneity in genotype as well as phenotype contributes to the 
challenges in both diagnosis and development of therapeutic advances for this 
disorder. The most frequent type of autosomal dominant HSP is caused by a 
variation in the SPG4 gene, which encodes the spastin protein. Several different 
SPG4 variations have been observed, including missense, frameshift, deletions, 
and nonsense variants, all resulting in a reduction in the spastin protein, which 
plays a role in microtubule function.” The specific type of genetic variation may 
be associated with the age of onset of symptoms because age of onset is highly 
variable, ranging from infancy through late adulthood. This type of HSP typically 
presents with a phenotype characterized by weakness and spasticity, although 
there have been reports of patients with cognitive impairment, ataxia, and 
thinning of the corpus callosum.*° 

Variants in SPG11 are the most common autosomal recessive form of HSP, 
impacting the spatacsin protein, which is involved in lysosome recycling and 
clearance of gangliosides.” This form of HSP typically presents early in childhood 
or adolescence, and it may be associated with other neurologic and systemic 
symptoms, including cognitive impairment, ataxia, neuropathy, and retinal 


A 33-year-old man presented to the neurology clinic with symptoms of 
gradually progressive lower extremity spasticity over the past several 
years. He reported a family history of similar symptoms in his father who 
had leg stiffness and trouble walking, and more recently a younger sibling 
started to notice similar symptoms. He has no symptoms in his arms. On 
neurologic examination, he has spasticity in both lower extremities 
without any other neurologic abnormalities. MRI of his brain and entire 
spine was unremarkable. Serum laboratory values for vitamin B,» and 
copper were normal, human immunodeficiency virus (HIV) and human 
T-cell lymphotropic virus type 1 (HTLV-1) tests were negative, and a 
lumbar puncture showed no evidence of infection or inflammation. 
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This patient’s clinical presentation raised concern for hereditary spastic 

paraplegia, with hallmark features of bilateral lower extremity spasticity in 
the setting of a family history of similar symptoms and exclusion of other 
causes of myelopathy through imaging, serum, and CSF studies. The next 
step is consultation with a geneticist and genetic counselor to discuss the 
advantages and disadvantages of seeking genetic testing to confirm this 
diagnosis for the patient and possibly his family members. 
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degeneration.” Both SPG11 and 
SPG15 variations have been 
associated with thinning of the 
corpus callosum and a 
characteristic finding on MRI of 
the brain wherein the forceps 
minor of the corpus callosum 
appears bright on FLAIR images 
and dark on T1-weighted 
images.” This is known as the 
ears of the lynx sign, reminiscent 
of the tufts of hair seen on the 
pointed ears of the lynx wild cat 
(FIGURE 5-1). Other notable gene 
variations in HSP include SPG7, 
which is autosomal recessive and 
has been associated with 
cerebellar ataxia, and SACS, 
which is also autosomal recessive 
and associated with 
neuropathy.” 

Although genotype- 
phenotype correlations are not 
always straightforward in HSP,” 
the pursuit of genetic diagnosis is 
still important in guiding patient 
management, counseling, and 
anticipation of any associated 
symptoms outside of the spinal 
cord. Treatment is supportive, 
consisting of pharmacologic 
therapy for spasticity to increase 
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FIGURE 5-1 

Ears of the lynx on MRI. A, Axial MRIs from a 
patient with hereditary spastic paraplegia (HSP) 
due to SPG11 genetic variation show an 
abnormality in the corpus callosum (red arrows) 
appearing dark on a T1-weighted image and bright 
on fluid-attenuated inversion recovery (FLAIR) 
imaging. This is known as the ears of the lynx sign 
and may be seen in SPG11 and SPG15 forms of HSP. 
Comparison to healthy control patients without 
HSP is illustrated in the first and third images. 

B, Corresponding images of a lynx wild cat. 
Reprinted with permission from Pascual B, et al, AJNR Am J 
Neuroradiol.’ © 2019 American Society of Neuroradiology. 


mobility and reduce discomfort as well as bracing and assistive devices as 
indicated. Systemic symptoms such as fatigue, sphincter dysfunction, and others 
should also be addressed and often require multidisciplinary care. 


MOTOR NEURON DISORDERS 


Motor neuron disorders may be caused by dysfunction of the lower motor 
neurons, corticospinal tracts, or both and may be either inherited or acquired. 
Patients can present with lower motor neuron signs such as fasciculations, 
hyporeflexia, or atrophy and upper motor neuron signs such as increased tone, 
hyperreflexia, or positive plantar reflexes (the Babinski sign). This section 
focuses on two examples of inherited motor neuron disorders: amyotrophic 
lateral sclerosis (ALS) and spinal muscular atrophy (SMA). 


Inherited Amyotrophic Lateral Sclerosis 

While ALS is not conventionally considered a myelopathy, the spinal cord is one 
site of the pathophysiology of this disease, and patients with ALS may present 
with clinical features similar to myelopathy (especially with lower limb-onset 
disease). ALS often presents with bulbar or limb onset of symptoms and a 
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KEY POINT 


@ The hereditary spastic 
paraplegia inheritance 
pattern may be autosomal 
dominant, autosomal 
recessive, or X-linked, with 
significant genotypic and 
phenotypic heterogeneity. 
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combination of both upper and lower motor neuron signs. Associated symptoms 
may also include cognitive impairment that varies in severity but may meet the 
criteria for frontotemporal dementia in some cases." Patients may also 
experience pseudobulbar affect, a dysregulation of motor output of emotion that 
is difficult to localize anatomically but may involve more widely dispersed 
networks.**"° ALS is most commonly sporadic; however, approximately 10% to 
15% of cases of ALS are familial, 7*8 with speculation that this range could 
underestimate the true prevalence of inherited ALS because of factors such as 
incomplete knowledge of family history or low-penetrance genetic variations.” 
So far, more than 50 genes have been implicated in familial ALS, with the most 
common being Cg9orf72, which has a notable association with frontotemporal 
dementia.** The mechanism by which variations in C9orf72 cause disease is still 
being elucidated.”? Other notable genes implicated in familial ALS include SOD1, 
TDP-43, and FUS 92° 

The diagnosis of familial ALS, like acquired ALS, is based on history and 
neurologic examination coupled with nerve conduction studies and EMG 
suggestive of a motor neuron disorder and exclusion of other possible diagnoses 
through additional testing as indicated by each patient’s presentation. There may 
be a family history of ALS that prompts the patient’s evaluation. The clinical 
symptoms of familial ALS may be clinically indistinguishable from sporadic ALS, 
although the average age of onset of ALS symptoms in patients with familial ALS 
is approximately 5 years younger than for nongenetic, sporadic ALS.” 

Studies show that patients are generally favorable to genetic testing in ALS and 
view it as beneficial, although access to testing and awareness may be limited, 
and among presymptomatic individuals, 60% of patients would choose to get 
tested.** 4 The ethical implications of performing genetic testing on 
presymptomatic family members should be carefully considered. Any discussion 
should be undertaken with the goal of better informing the patient and include 
consideration of the disadvantages versus benefits of pursuing this testing.” 
Recommendations for the principles and practice of presymptomatic genetic 
testing for ALS are available for guidance.”® 

Currently, the treatment for ALS, whether familial or sporadic, is centered on 
symptomatic care and four US Food and Drug Administration (FDA)-approved 
medications that may modestly delay progression of the disease. These include 
riluzole, edaravone,”” combination sodium phenylbutyrate and taurursodiol,”* 
and tofersen.*? Toferson is indicated only for patients with ALS caused by 
variations in SOD1. 


Spinal Muscular Atrophy 

SMA is an autosomal recessive, lower motor neuron disorder that encompasses a 
spectrum of clinical phenotypes that are separated by age of onset and degree of 
weakness.*° It is caused by variations in the SMN1 gene, resulting in reduced 
expression of the survival motor neuron protein and leading to loss of anterior 
horn cells.” Infantile-onset forms are severe, with patients demonstrating 
profound hypotonia and progressive respiratory and swallowing difficulties. Left 
untreated, the infantile-onset forms of SMA are usually fatal before the age of 
2 years.** Symptoms are relatively milder in later-onset forms but still include a 
slow progression of weakness impacting mobility and gait with more severe 
phenotypes and poorer prognosis associated with an earlier age of onset. Genetic 
testing typically confirms the diagnosis. In patients presenting later in life, nerve 
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conduction studies and EMG may also provide important clues in narrowing the 
differential diagnosis. 

The mainstays of treatment were previously supportive in nature and 
comprised physical therapy, orthopedic management, and respiratory care. 
However, in recent years treatments with novel mechanisms of action have 
been developed that increase the expression of the survival motor neuron 
protein. These treatments include an antisense oligonucleotide, nusinersen; 

a small molecule splicing modifier, risdiplam; and gene therapy with 
onasemnogene abeparvovec-xioi.* > These treatments are quickly becoming 
routine components of care for early-onset SMA. The advent of these new 
therapies has led to the consideration of new SMA phenotypes and redefinition 
of the natural history of this condition.” These treatment options underscore 
the need to diagnose and treat patients as soon as possible to prevent more 
severe disease manifestations and has led to a call for increased newborn 
screening for SMA.?° Issues of cost and insurance coverage for these new 
medications and access for patients with later-onset forms of SMA may create 
socioeconomic health care disparities.” 


Other Hereditary Motor Neuron Disorders 

Numerous other disorders affecting the motor neurons fall on the spectrum of 
genetic myelopathy. Inherited forms of primary lateral sclerosis, a 
predominantly upper motor neuron syndrome, are very rare but have been 
described.** Primary lateral sclerosis presents at a mean age of 50 years old with 
upper motor neuron-predominant symptoms including stiffness, corticobulbar 
dysfunction, and reduced mobility.” 

Hexosaminidase A deficiency is a rare cause of lower motor neuron 
dysfunction, presenting with symptoms of limb muscle weakness and atrophy, 
and may be associated with dysphagia and dysarthria.*° The disorder is 
caused by a variation in the HEXA gene. The infantile form results in a more 
severe presentation of Tay-Sachs disease, whereas the adult-onset form presents 
with a more variable phenotype and better prognosis. Adult onset of 
hexosaminidase A deficiency has also been associated with syndromes of 
cerebellar ataxia and cerebellar atrophy on neuroimaging, as well as 
psychiatric symptoms.*° 

Spinal bulbar muscular atrophy, or Kennedy disease, is inherited in an 
X-linked recessive pattern associated with a CAG repeat expansion in the 
androgen receptor gene AR. Patients with spinal bulbar muscular atrophy 
typically present in the third to seventh decades of life and may report symptoms 
of muscle atrophy, weakness in the bulbar and limb muscles, sensory 
neuropathy, and perioral facial fasciculations.** Non-neurologic hallmarks of this 
syndrome are gynecomastia and reduced fertility. The diagnosis is confirmed by 
genetic testing. CASE 5-2 illustrates a patient presenting to a neurology clinic with 
spinal bulbar muscular atrophy. 


LEUKODYSTROPHIES 

Many of the leukodystrophies present predominantly with cerebral symptoms; 
however, several leukodystrophies may be associated with myelopathic 
features in addition to cerebral involvement. This section highlights 
adrenomyeloneuropathy and adult polyglucosan body disease as two examples 
of leukodystrophies with myelopathic involvement. 
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KEY POINTS 


@ The most common 
genetic variation implicated 
in inherited forms of 
amyotrophic lateral 
sclerosis is in the C9orf72 
gene. 


@ Presymptomatic genetic 
testing for amyotrophic 
lateral sclerosis in a patient 
with a known family history 
should be undertaken with 
caution and with reference 
to available practice 
principles. 


@ Several disease- 
modifying medications with 
novel mechanisms of action 
for the treatment of spinal 
muscular atrophy have 
become integrated into 
routine practice and are 
demonstrating improved 
patient outcomes. 


@ Hallmark clinical features 
of spinal bulbar muscular 
atrophy (Kennedy disease) 
include limb and bulbar 
weakness, atrophy, facial 
fasciculations, and 
gynecomastia. 


@ Workup for 
adrenomyeloneuropathy 
may include testing of 
adrenal function, evaluation 
for elevation in very long 
chain fatty acids in the 
serum, and genetic testing 
for pathogenic variants in 
the ABCD! gene on the X 
chromosome. 


@ Friedreich ataxia presents 
with symptoms of ataxia, 
neuropathy, and upper 
motor neuron signs. Patients 
are at risk for 
cardiomyopathy and must 
undergo cardiac evaluation. 
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X-linked Adrenoleukodystrophy and Adrenomyeloneuropathy 
Adrenoleukodystrophy and adrenomyeloneuropathy are X-linked conditions 
caused by a variation on the ABCD1 gene that encodes a peroxisomal 
transmembrane protein, leading to accumulation of very long chain fatty acids. 
In adrenoleukodystrophy, symptoms manifest in boys during childhood, with 
symptoms of cognitive changes, optic atrophy, hearing loss, seizures, and 
spasticity, as well as adrenal insufficiency.** As demonstrated in CASE 5-3, the 
adrenomyeloneuropathy phenotype typically presents in the third to fifth 
decades of life with progressive spastic paraparesis and peripheral neuropathy. 

Adrenal insufficiency is evident in most patients with 
adrenomyeloneuropathy, and cognitive changes may develop in some patients 
later in the disease course. Recognition of cerebral complications in patients with 
adrenomyeloneuropathy is increasing, with 60% of patients with 
adrenomyeloneuropathy found to develop cerebral demyelination, which is 
associated with rapid progression and poor survival.*? Female carriers can rarely 
develop symptoms, such as progressive myelopathy later in life.4**° The 
diagnosis may be made by genetic testing; however, a finding of elevated very 
long chain fatty acid levels on laboratory evaluation is also key. Patients may also 
have laboratory evidence of adrenal insufficiency, providing additional clues to 
the diagnosis. 

Adrenal insufficiency may be treated with replacement therapy, and other 
adrenomyeloneuropathy symptoms may be addressed with supportive therapies 
for pain and spasticity to enhance functional ability and quality of life, often 


A 44-year-old man presented to the clinic for evaluation of proximal 
muscle weakness, including difficulty raising his arms and trouble 
climbing stairs. He also reported that he had noticed muscle twitches in 
his body and face over the past few years, which he mostly ignored, but it 
could sometimes cause him to feel self-conscious. He described a family 
history of symptoms of weakness and trouble walking on his mother’s 
side. Neurologic examination demonstrated proximal muscle weakness 
with 4/5 strength in shoulder abduction and hip flexion, associated 
muscle atrophy in his shoulder girdle and hip girdle muscles, diffuse 
hyporeflexia, rare fasciculations in the perioral area, and evidence of 
gynecomastia. His electrodiagnostic evaluation demonstrated a 


widespread, chronic disorder of motor neurons with a mild superimposed 
sensory neuropathy. 
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This patient presented with a clinical picture suggestive of spinal bulbar 
muscular atrophy, or Kennedy disease. If the patient consents, genetic 
testing would help confirm this diagnosis. There currently are no 
disease-modifying treatments for this disorder, but he could benefit from 
physical therapy and consideration of an assistive device for greater safety 
during ambulation. He should be screened for any bulbar weakness 
affecting his speech, chewing, or swallowing that might require further 
assessment. 
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benefitting from a multidisciplinary approach.** There are currently no proven 
disease-modifying therapies for the neurologic manifestations in patients with 
adult-onset disease.*”** Leriglitazone is a selective peroxisome proliferator- 
activated receptor gamma agonist implicated in neuroinflammation and 
degeneration, and although a recent trial of leriglitazone did not demonstrate 
efficacy, other potential targeted therapies may follow.*” 


Other Leukodystrophies 

Other leukodystrophies that may involve the spinal cord include Alexander 
disease (GFAP), leukoencephalopathy with brainstem and spinal cord 
involvement and lactate elevation (DARS2), and adult polyglucosan body disease 
(GBE1).***4* Adult polyglucosan body disease is an autosomal recessive 
condition resulting from a variation in the GBE1 gene, which causes a deficiency 
in glycogen-debranching enzyme and storage of polyglucosan bodies.*? This 
disorder may be underrecognized and can manifest with a variety of clinical 
phenotypes, typically presenting in adults in the fourth to seventh decades with 
slowly progressive weakness, spasticity, bulbar symptoms, neurogenic bladder, 
and neuropathy.*? Cognitive symptoms such as impairment in memory and 
executive function have also been described,” and brain imaging may reveal 
cerebral and cerebellar atrophy and diffuse leukoencephalopathy.*? Spinal 
imaging may show medullary and spinal cord atrophy without signal change 


A 40-year-old man presented to the clinic with progressive neurologic 
symptoms spanning many years. He could not recall any symptoms in his 
childhood or adolescence but said that in his early twenties, he started to 
notice numbness and tingling in his feet and poor balance. This gradually 
worsened over the past few years, and he started using a cane to walk. 
He also reported some progressive issues emptying his bladder, and he 
had to start doing self-catheterization. His past medical history was 
notable for multiple hospital admissions for hypotension and 
hypoglycemia, requiring steroids. He did not have a close relationship 
with his mother but could recall that she had trouble walking. On 
examination, he had normal strength and tone in both legs but 
hyperreflexia and an abnormal plantar reflex. Sensation to vibration was 
reduced distally in his lower extremities on both sides. MRI of his brain 
and entire spinal cord was normal. 


CASE 5-3 


This patient's symptoms raise concern for adrenomyeloneuropathy. He 
can be further evaluated for this by serum testing for elevation in very long 
chain fatty acids and through genetic testing. His history of hypotension 
and hypoglycemia may be indicative of adrenal dysfunction, and 
consultation with an endocrinology specialist may be warranted. Although 
there are no effective disease-modifying treatments for adult-onset 
disease at this time, he may benefit from physical therapy, counseling on 
fall risk, and optimization of home safety and assistive devices. 
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(FIGURE 5-2).**? There are no 
disease-modifying treatments 
available for adult polyglucosan 
body disease at present, and the 
mainstay of treatment 

is supportive. 


SPINOCEREBELLAR 
DEGENERATION 

The hereditary ataxias are a 
widely diverse group of inherited 
disorders that can involve 
progressive ataxia, dorsal column 
impairment, and corticospinal 
FIGURE 5-2 tract degeneration to varying 
Sagittal T2-weighted MRI of the cervical spine ina degrees. 

patient with adult polyglucosan body disease 

demonstrates severe spinal cord atrophy without 


signal change. 
Figure courtesy of Shamik Bhattacharyya, MD, FAAN. 


A 54-year-old woman was referred to the clinic for evaluation of ataxia. 
She said that her symptoms started about 8 years ago and had been slowly 
worsening over time. She reported weakness in both legs, intermittent 
dizziness, and trouble with balance. She had been using a walker for the 
past year, and she had several falls. She recalled that she was diagnosed 
with a degenerative neurologic condition in the past but didn’t recall if a 
specific diagnosis was made. She reported that past nerve conduction 
studies and EMG, lumbar puncture, and MRI of her brain and spine were 
normal. Of note, she reported that she was currently undergoing a cardiac 
workup because of symptoms of leg swelling and fatigue. On neurologic 
examination, she had intact strength in all limbs, reduced vibration and 
joint position sensation in her toes, hyperreflexia, and marked dysmetria 
on finger-to-nose testing on both sides. Her rapid alternating movements 
were slow and clumsy. Her gait was slow, wide-based, and cautious. 

Her laboratory workup was unremarkable. An echocardiogram 
showed evidence of cardiomyopathy. Repeated nerve conduction 
studies and EMG and MRI of her brain and spine were unrevealing. She 
was referred to a genetics clinic for further evaluation for a suspected 
inherited cause of ataxia. Genetic testing demonstrated a pathogenic 
GAA repeat expansion in the FXN gene (repeat number 144 in both 
alleles), consistent with Friedreich ataxia. 
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This patient presented with a late onset of Friedreich ataxia, which was 
confirmed by genetic testing. Although Friedreich ataxia typically presents 
during childhood or adolescence, later-onset forms may be seen and are 
important to consider. Hypertrophic cardiomyopathy is an important 
associated feature of the disorder. 
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Friedreich Ataxia 

Friedreich ataxia is autosomal recessive, caused by an expanded GAA 
trinucleotide repeat in the FXN gene. Friedreich ataxia typically presents in 
childhood or adolescence with symptoms of ataxia, neuropathy, and upper 
motor neuron findings. Other symptoms may include dysarthria, optic atrophy, 
hearing loss, and cardiomyopathy. Late-onset forms in adulthood, as shown in 
CASE 5-4, have also been described. In the case of late-onset Friedreich ataxia, 
symptoms may be atypical and can be characterized by retained reflexes, lack of 
dysarthria, lack of systemic signs, or slower overall progression.” 

Patients with Friedreich ataxia benefit from a multidisciplinary care team, 
including a cardiologist to monitor cardiac complications, to address the 
numerous associated symptoms. Until recently, there were no specific 
disease-modifying treatments available for Friedreich ataxia.’ The first 
treatment for Friedreich ataxia was approved by the FDA in 2023 after 
omaveloxolone, which acts to restore mitochondrial function, demonstrated a 
benefit in the disease course and progression in randomized trials.” 


Other Hereditary Ataxias 

There are more than 40 different types of spinocerebellar ataxias, not all of which 
have predominant spinal cord involvement. Spinocerebellar ataxia type 1 and 
spinocerebellar ataxia type 3 (Machado-Joseph disease) may include symptoms 
of spasticity and involve a CAG repeat in the ATXN1 and ATXN3 genes, 
respectively.**» Ataxia and spinal cord involvement have also been reported in 
abetalipoproteinemia and ataxia with isolated vitamin E deficiency.** 


CONCLUSION 

Genetic myelopathies comprise a large and diverse group of neurologic disorders. 
Key features that may help distinguish a potential genetic myelopathy from an 
acquired cause include a family history of similar neurologic symptoms, chronic 
or slow progression over time, and the presence of additional symptoms not 
strictly isolated to the spinal cord. In general, imaging typically shows spinal cord 
atrophy without signal change. Genetic testing capabilities have expanded to 
identify more genes implicated in these disorders than ever before but is still an 
area in which knowledge is continuing to evolve. Few treatments are available for 
any of the genetic myelopathies; however, in recent years new disease-modifying 
treatments have become available for SMA, ALS, and Friedreich ataxia. 


USEFUL WEBSITES 


Brain & Life 

The Brain & Life website offers patient education 
materials on several inherited myelopathies, 
including ALS, SMA, HSP, and Friedreich ataxia. 


brainandlife.org 


Spastic Paraplegia Foundation 

Further information and resources for patients with 
HSP and primary lateral sclerosis can be found on 
the website of the Spastic Paraplegia Foundation. 


sp-foundation.org 
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National Ataxia Foundation 

Patients with ataxia, including spinocerebellar ataxia 
and Friedreich ataxia, may find helpful resources on 
the National Ataxia Foundation website. 


ataxia.org 
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Infectious Myelopathies 


By Anita M. Fletcher, MD; Shamik Bhattacharyya, MD, FAAN 


ABSTRACT 

OBJECTIVE: Infectious myelopathy of any stage and etiology carries the 
potential for significant morbidity and mortality. This article details the 
clinical presentation, risk factors, and key diagnostic components of 
infectious myelopathies with the goal of improving the recognition of these 
disorders and guiding subsequent management. 


LATEST DEVELOPMENTS: Despite our era of advanced multimodal imaging and 
laboratory diagnostic technology, a causative organism often remains 
unidentified in suspected infectious and parainfectious myelopathy cases. 
To improve diagnostic capability, newer technologies such as 
metagenomics are being harnessed to develop diagnostic assays with a 
greater breadth of data from each specimen and improvements in 
infection identification. Conventional assays have been optimized for 
improved sensitivity and specificity. 


ESSENTIAL POINTS: Prompt recognition and treatment of infectious 
myelopathy decreases morbidity and mortality. The key diagnostic tools 
include serologies, CSF analysis, and imaging; however clinical 
presentation, epidemiologic risk factors, and history of recent illness are 
all vital to making the proper diagnosis because current laboratory and 
imaging modalities are often inconclusive. The cornerstone of 
recommended treatment is targeted antimicrobials with appropriate 
immune modulation, surgical intervention, supportive care, and 
interdisciplinary involvement, all of which further improve outcomes for 
patients with infectious myelopathy. 


INTRODUCTION 
yelopathy is defined as dysfunction of the spinal cord. Spinal 
cord dysfunction caused by inflammation is termed myelitis. 
Clinical manifestations of dysfunction depend on the anatomic 
lesion location and extent. Clinical symptoms or syndromes 
that present concurrently with infection are termed 
parainfectious whereas symptoms appearing after infection are termed 
postinfectious. The temporal relationship between the manifestation of 
constitutional symptoms and spinal dysfunction plays a key role in diagnosis. 
Bacteria, viruses, and fungi may cause myelopathy either by direct infection of 
the spinal cord or secondarily by several possible mechanisms including spinal 
cord compression from vertebral body fracture, epidural abscess with cord 
compression, inflammatory vasculitis of spinal arteries and veins, arachnoiditis 
with subsequent syringomyelia and cord tethering, and immune response to 
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infection with secondary spinal cord injury.” Distinguishing which of these 
pathologic mechanisms is causing clinical symptoms is difficult in individual 
cases and often results in the use of antimicrobial and immunomodulatory 
therapies simultaneously along with spinal surgical intervention for 
compressive lesions. 

To determine the cause of infectious myelopathy, the clinical presentation, 
radiologic evaluation, serology, and CSF analysis are used in conjunction with 
medical and social histories. Social risk factors, travel to or origin in endemic 
regions, and professional and recreational history are important to early 
differential diagnosis development, which serves to both avoid unnecessary 
testing and, conversely, identify investigations for uncommon organisms. 
Infectious myelopathies are seen in both pediatric and adult patients. Some 
myelopathies, such as enterovirus D68, which is associated with acute flaccid 
myelitis, manifest more commonly in pediatric patients. It is important to 
remember that not all cases have a characteristic imaging pattern or even 
abnormal imaging, nor can all organisms be identified with conventional 
laboratory techniques such as polymerase chain reaction (PCR) or culture. Basic 
immunologic assays may lack sensitivity. Many newer assays are now available 
commercially but remain costly, and some are unavailable outside of academic 
medical centers, limiting their use in acute and resource-limited settings. 

The following discussion includes clinical presentation, risk factors, and key 
components of imaging and laboratory evaluation. Recommended treatments such 
as antimicrobials, immune modulation, intervention, and innovative treatments 
(where appropriate) are reviewed; however, most treatments are not based on 
rigorous trials in specific myelopathies. Newer technologies to improve diagnoses 
and outcomes for patients with infectious myelopathy are also discussed. 


BACTERIAL MYELOPATHIES 

Bacterial infections can lead to vertebral, epidural, intradural extramedullary, 
and intramedullary infections. Bacterial infections of the spinal column typically 
occur from hematogenous spread. Direct regional spread from adjacent soft 
tissue infections or after invasive spinal procedures can also occur. Infection of 
the vertebral column usually causes spondylodiscitis (simultaneous infection of 
the intervertebral disk and vertebral body) and much less commonly isolated 
vertebral body osteomyelitis. The most common causative organism is 
Staphylococcus aureus although other pathogens such as Escherichia coli infection 
following urinary tract instrumentation can also be found in susceptible hosts. 
Patients typically present with localized pain, which is exacerbated by vertebral 
body percussion.” Progression of infection subsequently causes nerve root 
irritation (radiculopathy) or spinal cord dysfunction from either epidural abscess 
formation or compression of the vertebral canal from vertebral body fracture. 
Fever is present in less than 50% of cases, but erythrocyte sedimentation rates 
and C-reactive protein levels are elevated in 80% of cases.’ For diagnosis, 
maintaining clinical suspicion is key, and assessment of risk factors including 
progressive back pain in older adults, history of cancer or immunosuppression, 
recent surgical intervention, diabetes, and IV drug use help triage risk. Patients 
with these risk factors for infection should have spinal MRI with gadolinium 
contrast. MRI sequences should include T2-weighted, T1-weighted, and short tau 
inversion recovery (STIR) imaging. Gradient echo sequences identify bleeding 
and calcifications, and diffusion-weighted image (DWI) sequences help 
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characterize abscesses, infarcts, and tumors. Postcontrast imaging shows 
inflammation in acute lesions as seen in FIGURE 6-1.*” Infectious Diseases Society 
of America (IDSA) guidelines suggest delaying treatment in cases of vertebral 
osteomyelitis until biopsy culture results are available if a patient is stable; 
however, treatment should be initiated as early as possible in cases of instability 
and include IV antibiotics with broad coverage (TABLE 6-1 £) 1 Blood and urine 
cultures should be obtained in all cases. Treatment is typically tailored to 
microbial tissue culture from biopsy. 

Intramedullary lesions are rare and can result from bacterial seeding of the 
spinal cord through hematogenous spread or direct infection. Compared with 
spondylodiscitis and epidural abscess, intramedullary spinal cord abscess is much 
rarer. Patients typically present with rapidly progressive weakness with imaging 
showing an enlarging spinal cord lesion usually with gadolinium enhancement on 
MRI. Bacterial causes include Mycobacterium tuberculosis, Streptococcus species, 
and Staphylococcus species. Treatment is typically tailored to the causative 
organism, and the majority require surgical drainage. 


Spirochetes 

Treponema pallidum is a bacterium of the Spirochaetaceae order, which causes 
syphilis and which can lead to neurosyphilis when the central nervous system 
(CNS) is affected. The spinal cord can be affected within the first year or very 


FIGURE 6-1 


Sagittal MRI of an intramedullary spinal cord abscess. A, A T2-weighted image shows a long 
segment of spinal cord swelling and hyperintensity adjacent to the intramedullary abscess. B, 
A fat-suppressed T1-weighted image shows a contrast-enhancing lesion with a nonenhancing 
center. C, A diffusion-weighted image of an intramedullary abscess is hyperintense on MRI; 
this image, inverted for clarity, demonstrates a dark area indicating the pyogenic abscess. 
The intramedullary spinal cord abscess is indicated by the arrow in each image. 

Reprinted with permission from Yokota H and Tali ET, Neuroimaging Clin N Am.° © 2023 Elsevier Inc. 
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KEY POINTS 


@ Staphylococcus aureus is 
the most common cause of 
pyogenic vertebral 
osteomyelitis. 


@ Risk factors for vertebral 
osteomyelitis include older 
age, history of cancer or 
immunosuppression, 
diabetes, recent surgical 
intervention, and IV drug 
use. 


@ Neurosyphilis can present 
with meningitis, stroke, gait 
and balance dysfunction, 
loss of vibratory sensation, 
and bladder dysfunction. 
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late in the disease course, up to 50 years after infection. Myelopathy in the early 
stages of infection (meningovascular syphilis) may present with meningeal signs 
including headache and meningismus, as well as sudden-onset paraparesis 
associated with vasculitis. Other neurologic symptoms such as hearing deficits, 
otosyphilis, or panuveitis (ocular syphilis) can also develop. Meningovascular 
syphilis is characterized by meningitis and strokes that result from endarteritis of 
blood vessels supplying the leptomeninges, brain, and spinal cord. 
Meningovascular syphilis can be seen after 1 month; however, it is more often 


encountered in the late stage.” 


Late neurologic manifestations typically occur more than 5 years after 
infection (tertiary syphilis). Tabes dorsalis affects the dorsal spinal cord tracts 
and dorsal root ganglion and is characterized by radicular or severe, lancinating 
abdominal pain along with sensory gait ataxia and bladder dysfunction. Loss of 
vibratory sensation and gait and balance dysfunction are common features of this 


presentation (CASE 6-1). 


In all stages of syphilis, serum treponemal tests are used to initially screen for 
syphilis; common available options include fluorescent treponemal assay 
antibody absorption, T. pallidum particle agglutination, or enzyme-linked 
immunosorbent assay (ELISA). The nontreponemal tests of Venereal Disease 
Research Laboratory (VDRL) or rapid plasma reagin can inform active infection 
but can be negative especially in later stages of syphilis. After a confirmatory 


TABLE 6-1 
or Myelitis* 

MRI series Image findings 

Spondylitis T2-weighted image (T2WI), short tau Variable 
inversion recovery (STIR), gradient 
echo, gadolinium indicated 

Pyogenic Fat-suppressed T2WI, Ti-weighted Hyperintense on T2WI in pyogenic 
spondylitis image (TIWI), diffusion-weighted infections of the soft tissue and 


image (DWI), gadolinium indicated intervertebral disk; abscess 


narrowing the intervertebral space 


T2WI and TIWI, gadolinium indicated Thickening of cord surface, nerve 
roots, or cauda equina; pockets of 
CSF or pus may be seen in later 


stages of infection 


Arachnoiditis 


Meningitis T2WI and TIWI, gadolinium indicated Thickening of cord surface, nerve 
roots, or cauda equina 

Empyema TIWI and T2WI, gadolinium indicated Long-segment lesions, meningeal 
thickening 

Intramedullary T2WI and TIWI, gadolinium indicated Varies based on stage of 

abscess development 


MRI Recommendations for Evaluation of Possible Bacterial Myelopathy 


Enhancement 


Possible 


Yes, in acute lesions, 
surrounding soft tissue or 
intervertebral enhancement 
may be seen 


Yes, late infections may 
show enhancement in the 
spinal cord 


Yes, late infections may 
show enhancement in the 
spinal cord 


Yes, meningeal 
enhancement (central 
empyema does not enhance) 


Varies; mild to none in 
myelitis stage; ringlike once 
abscess forms 


ê Data from Yokota H and Tali ET, Neuroimaging Clin N Am? and Modic MT et al, Radiol.® 
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serum screening test, neurologic involvement is tested for by CSF analysis. 
Typical CSF findings in neurosyphilis include lymphocytic pleocytosis and 
elevated protein levels. A finding of positive CSF VDRL essentially secures the 
diagnosis of neurosyphilis (>99% specificity) but has low sensitivity. 
Neurosyphilis is diagnosed in the setting of neurologic dysfunction consistent 
with neurosyphilis, positive serum testing for syphilis, and CSF demonstration of 
inflammation (with or without positive CSF VDRL).”*° Treatment should be 
given to all patients diagnosed with neurosyphilis and typically consists of 4 g 
penicillin G administered intravenously every 4 hours for 10 to 14 days. Steroids 
can be used to ameliorate symptoms related to a Jarisch-Herxheimer reaction.” 
The Jarisch-Herxheimer reaction most commonly manifests as chills, 
temperature fluctuations, and skin eruptions following antibiotic treatment in 
patients with spirochete infections. The reaction mechanism is thought to be 
mediated by leukocytes. Steroids may be administered prior to antibiotic 
administration to decrease or ameliorate the reaction.” 


Lyme Disease 
Borrelia burgdorferi, a bacterium in the Spirochaetaceae order, causes Lyme 
disease in the United States. In Europe, Borrelia afzelii and Borrelia garinii 


A 62-year-old man presented with 3 years of progressive walking 
difficulty. He was falling more often, typically in a forward direction, and 
felt that it was due to an inability to lift his legs high, and he noted that his 
shoes wore out quickly. He denied loss of muscle mass or cramps but 
endorsed stiffness and frequent episodes of abdominal pain. Erectile 
dysfunction began about 3 years before presentation, and significant 
constipation began 2 years before presentation. He did not have visual 
problems, word-finding difficulties, memory or personality changes, 
vivid or active dreams, hearing changes, facial weakness, dysarthria, 
dysphagia, or dizziness on standing. He had a normal cranial nerve 
examination, a spastic paraparesis with 4+/5 strength in his hip flexors, 
knee extension, and foot dorsiflexion bilaterally. His biceps brachii 
reflexes were normal, and patellar reflexes were brisk. He had 
diminished proprioception and cutaneous pain perception in his feet. 
Laboratory diagnostic evaluation was negative for human 
immunodeficiency virus (HIV) and human T-cell lymphotropic virus type 1 
(HTLV-1). Serum treponemal antibody and Venereal Disease Research 
Laboratory (VDRL) were positive, and VDRL was positive in CSF. 
Prednisone was administered 3 days before initiation of a 14-day course 
of IV penicillin. 


CASE 6-1 


This case exemplifies chronic syphilitic myelopathy with posterior and 
lateral column involvement. The patient had weakness, spasticity, and pain 
and proprioception deficit in his lower extremities. This case demonstrates 
that syphilis can present as a myelopathy across a broad span of time after 
initial infection. 
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infections are also associated with Lyme disease. Lyme disease is a tick-borne 
infection and is transmitted by the Ixodes scapularis tick found throughout the 
United States and Ixodes pacificus tick found on the Pacific Coast of the United 
States. Erythema migrans, a targetoid cutaneous lesion, is the characteristic 
initial manifestation of Lyme disease. Lyme disease affects the nervous system in 
up to 15% of cases; this is termed neuroborreliosis."* The typical neurologic 
manifestations are cranial neuropathies (most commonly facial nerve palsy), 
meningitis, and radiculoneuritis (painful radiculitis typically in multiple 
dermatomes).’’ Very rarely, Lyme disease has been reported to cause isolated 
myelitis usually with evidence of robust CSF inflammation. Lesions on MRI have 
been seen in the cervical, thoracic, and lumbar spinal cord.** Patients with 
evidence of neurologic disease consistent with Lyme disease and plausible 
exposure to ticks infected with B. burgdorferi should be tested for Lyme disease. 
The Centers for Disease Control and Prevention recommends a two-step 
serologic testing procedure for the diagnosis of Lyme disease as follows: 


1 Total IgM/IgG immunoassay to screen for B. burgdorferi 


A If negative, the patient does not have Lyme disease 


B If positive or borderline, proceed to step 2 
2 There are two separate approaches: 


A Standard two-tiered testing: perform Western blot for both IgM and IgG 
antibodies. IgM immunoblot is considered positive if two of the following three 
bands are present: 24 kDa (OspC), 39 kDa (BmpA), and 41 kDa (Fla). IgG 
immunoblot is considered positive if 5 of the following 10 bands are present: 

18 kDa, 21 kDa (OspC), 28 kDa, 30 kDa, 39 kDa (BmpA), 41 kDa (Fla), 45 kDa, 58 kDa 
(not GroEL), 66 kDa, and 93 kDa’>""* 


B Modified two-tiered testing: second-tier IgG and IgM immunoassays. Positivity by 
this second assay results in an overall positive test. 


Patients with active neuroborreliosis demonstrate CSF pleocytosis. Borrelia 
antibodies can be passively transferred from serum to CSF; thus, CSF antibodies 
do not necessarily indicate a CNS infection. The CSF-to-serum antibody index 
should be used to determine if intrathecal production of antibodies to Borrelia has 
occurred. The antibody index is defined in the following equation: 


anti-Borrelia IgG in CSF /anti-Borrelia IgG in serum 
total IgG in CSF/total IgG in serum 


The antibody index is considered positive when the result is greater than 1.3 to 1.5. 
The algorithm in FIGURE 6-2 can be used to guide clinical decision making.” 

In 2020, new clinical practice guidelines were released by the American 
Academy of Neurology, IDSA, and American College of Rheumatology.” 
Treatment for neuroborreliosis consists of IV ceftriaxone, cefotaxime, or 
penicillin G or oral doxycycline. In cases involving the spinal cord, IV 
ceftriaxone, cefotaxime, or penicillin G for 10 to 14 days is recommended.”® 


MYCOBACTERIUM TUBERCULOSIS. Tuberculosis (TB) is a worldwide pandemic 
caused by the bacterium M. tuberculosis. An estimated 10.6 million people 
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Erythema 


migrans 


Retest in 2 to 4 
weeks if indicated 


<30 +/— days 
IgM+ or lgG+ 


IgM+ or IgG- 


No erythema 
migrans but relevant 
clinical event 


Low probability 


>30 to 60 days 
FIGURE 6-2 


An algorithm for Lyme disease treatment decisions based on the presence or absence of 
erythema migrans, duration of symptoms, and results of Western blots for IgM and IgG if the 
enzyme-linked immunosorbent assay (ELISA) is positive or borderline. 

Reprinted with permission from Halperin JJ, Continuum (Minneap Minn).* © 2012 American Academy of 
Neurology. 


became ill with TB in 2021, which is equivalent to 134 cases per 100,000 people.” 
Among all TB cases, 6.7% were among people living with human 
immunodeficiency virus (HIV). The highest rates of TB infection in 2021 were in 
Southeast Asia followed by Africa and the Western Pacific, with lower rates in 
the Eastern Mediterranean region, the Americas, and Europe. In contrast to the 
past 2 decades, the incidence of TB increased in 2021, which was attributed to 
fewer people seeking care during the COVID-19 pandemic.” 

Although TB frequently causes pulmonary disease, neurologic infection and 
symptoms can occur without concurrent pulmonary symptoms. TB can cause 
varying CNS infectious syndromes including meningitis, masslike lesions 
(tuberculoma), myelitis, and spinal arachnoiditis. TB spreads to the nervous 
system hematogenously and causes a focus of infection or tuberculoma (Rich 
focus). Rupture of this tubercle subsequently spreads the infection to the 
subarachnoid space, causing manifestations such as meningitis or spinal 
arachnoiditis.*° ** Tuberculomas can occur throughout the CNS including the 
spinal cord. TB can also cause myelopathy by progressive vertebral osteomyelitis 
(Pott disease) and subsequent compromise of the spinal canal from kyphotic 
vertebral deformity (gibbous deformity). 

On MRI, tuberculomas are often isointense on T1-weighted imaging with rim 
or homogeneous contrast enhancement and hypointense or hyperintense on 
T2-weighted imaging (depending on the degree of necrosis). Intramedullary 
tuberculomas are round on MRI, and extramedullary tuberculomas are often 
elongated; however, DWI and enhancement patterns can vary based on stage 
and progression of central necrosis.” Patients with suspected TB in the CNS, 
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KEY POINTS 


@ CSF Venereal Disease 
Research Laboratory (VDRL) 
has specificity greater than 
99% but low sensitivity for 
neurosyphilis. 


@ Patients with positive 
treponemal serology, CSF 
inflammation, and 
symptoms of neurosyphilis 
should receive treatment 
with penicillin G. 


@ Patients with evidence of 
neurologic disease 
consistent with Lyme 
disease and have had 
plausible exposure to ticks 
infected with Borrelia 
burgdorferi should be 
tested for Lyme disease. 


@ The serologic diagnosis of 
Lyme disease includes 
standard or modified 
two-tiered testing usually 
consisting of a screening 
test followed by a 
confirmatory test (either 
Western blot or second 
immunoassay). 


@ Xpert MTB/RIF Ultra 
assay is assay recommended 
by the World Health 
Organization for suspected 
M. tuberculosis. 


@ Acute flaccid myelitis 
occurs more often in 
children than adults and 
presents with weakness, 
decreased muscle stretch 
reflexes, and hypotonicity 
after viral or gastrointestinal 
illness. 
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particularly TB meningitis, should have MRI protocols including precontrast 
T1-weighted and T2-weighted sequences, DWI, and gradient echo.** TB myelitis 
typically appears as a longitudinally extensive T2-hyperintense lesion with 
gadolinium T1 postcontrast enhancement of the lesion. Spinal meningeal 
gadolinium enhancement frequently occurs, as well. 

CSF testing is an important step in diagnosis. CSF analysis may demonstrate 
pleocytosis and hypoglycorrhachia. Although the definitive diagnostic test 
remains culture for Mycobacteria, nucleic acid-based testing is an important part 
of diagnostic strategy. Xpert MTB/RIF (Cepheid) and Xpert MTB/RIF Ultra 
(Cepheid) assays are rapid nucleic acid amplification tests for the detection of M. 
tuberculosis. Xpert MTB/RIF can provide insight into rifampin resistance and is 
recommended by the World Health Organization (WHO) for diagnosis of TB. 
However, a 2021 Cochrane review of Xpert MTB/RIF and Xpert MTB/RIF Ultra 
assays for extrapulmonary TB showed that Xpert MTB/RIF had a 71.1% 
sensitivity and 96.9% specificity for mycobacterial detection. The Xpert 
MTB/RIF Ultra assay showed 89.4% sensitivity and 91.2% specificity.” 
Treatment of tuberculous spinal involvement typically is with rifampin, 
pyrazinamide, isoniazid, and ethambutol for 2 months, followed by isoniazid and 
rifampin for 7 to 10 months. Corticosteroids may be used in cases with a 
significant inflammatory component.” 


VIRAL MYELOPATHIES 

Viruses can cause spinal cord injury from direct infection in addition to initiation 
of secondary immune cascade contributing to further cellular damage or tissue 
destruction. Viral myelopathies may lead to a range of clinical outcomes from 
complete resolution of symptoms to permanent severe impairment. 


Acute Flaccid Myelitis 

Acute flaccid myelitis is a clinical syndrome that presents with flaccid limb 
weakness following a viral infection. Neurologic examination in these patients 
demonstrates weakness, decreased muscle stretch reflexes, and decreased tone in 
the affected limbs. The disease has been associated with different pathogens such 
as enteroviruses D68 and 71, poliovirus, and flaviviruses. 

The antecedent infection in acute flaccid myelitis can be either an upper 
respiratory illness or a gastrointestinal illness with preceding nausea, vomiting, 
or diarrhea. Acute flaccid myelitis occurs more often in children; however, adults 
can present with a similar picture. In 2021, the acute flaccid myelitis working 
group published diagnostic criteria based on combined clinical presentation, MRI 
findings, and CSF analysis.” A definite diagnosis requires core clinical features, 
MRI with spinal cord gray matter-predominant lesions or nerve root 
enhancement, and CSF pleocytosis (CASE 6-2). A probable diagnosis requires 
core clinical features and MRI findings, but CSF pleocytosis is not required. A 
possible acute flaccid myelitis diagnosis requires mild clinical syndrome and MRI 
findings. A classification of uncertain requires only core clinical features.*” 

Treatment options for acute flaccid myelitis have included the use of early IV 
immunoglobulin (IVIg). Other immunomodulatory options are steroids and 
plasma exchange, with IV steroids used in cases of spinal cord edema. There is a 
theoretical risk of increased viral titer with steroids, as seen in preclinical models 
of disease, so steroids must be used judiciously (TABLE 6-27”). Prospective 
controlled series for treatment outcomes are lacking in acute flaccid myelitis. 
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West Nile Virus 

West Nile virus (WNV) is a neuroinvasive flavivirus transmitted by Culex 
mosquito species and is most often seen in summer months. Originally, WNV 
was found in Africa, the Middle East, Asia, and Australia and was not associated 
with severe human disease. Neurologic manifestations of WNV infection were 
first reported in the 1990s. Over the past 2 decades, WNV has circulated 
throughout North America, Mexico, the Caribbean, and South America. WNV 
acts on the nervous system through direct infection and immune-mediated 
mechanisms,”* and the factors that determine disease severity may reflect 
polymorphisms in key host genes. The majority of WNV infections are 
asymptomatic or associated with self-limiting flulike febrile illnesses with full 


A 15-year-old boy with anxiety, asthma, migraines, and attention deficit 
disorder presented with rapidly progressive lower extremity weakness. 
One month before presentation, he felt weakness in his legs on waking and 
when walking down the stairs. He had headache, myalgia in both legs, and 
a fever to 39°C (102°F) before the onset of weakness. He recalled using the 
handrails with stairs and difficulty when he stepped up on a curb. He hada 
few falls, and his left leg became weaker more rapidly than the right. The 
weakness persisted despite resolution of the flulike symptoms. In the 
emergency department, whole-spine MRI showed a linear T2 
hyperintensity in the gray matter from T11 to L1 and a possible lesion at T7; 
no enhancement was seen, and the lumbar lesion was associated with 
cord expansion. At his 6-week follow-up neurology visit, his left leg 
weakness persisted, and his right leg was weak. EMG showed fibrillation 
potentials with reduced recruitment of motor unit potentials in the lower 
limbs, which was the worst in the left quadriceps muscles. Repeat MRI 
showed improvement in his linear lumbar lesion, but enhancement of 
multiple ventral nerve roots was seen. A lumbar puncture was performed, 
and CSF analysis showed 8 white blood cells/mm* and 730 red blood 


cells/mm* (79% lymphocytes, 17% neutrophils, 4% macrophages), protein 
of 121 mg/dL, and glucose of 60 mg/dL. Enterovirus polymerase chain 
reaction (PCR) was negative in the CSF, oligoclonal bands were absent, 
and the myelin basic protein level was normal. His IgG index was elevated 
at 0.77. A nasopharyngeal swab and stool test were negative for 
enterovirus. Antibodies to West Nile virus were absent in his blood. He 
followed up with neurologic-focused rehabilitation. 


CASE 6-2 


This case demonstrates clinical, imaging, and laboratory evidence that 
meets criteria for acute flaccid myelitis based on criteria set forth by the 
acute flaccid myelitis working group: prodromal illness with fever that 
preceded the weakness in his left leg with characteristic physical 
examination findings, a linear lesion in the low thoracic cord on initial 
imaging, ventral root enhancement on subsequent imaging, and CSF 
pleocytosis. Early involvement of multidisciplinary rehabilitation teams is 
important to optimizing outcomes. 
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TABLE 6-2 Diagnostic Criteria for Acute Flaccid Myelitis®° 
Diagnostic items Definite Probable Possible Uncertain 
H1: acute onset of limb weakness Present Present Present® Present 
(period from onset to nadir: hours to 
10 days) 
H2: prodromal fever or illness? Presence is Presence is Presence is Present 
supportive but supportive but supportive but not 
not required not required required 
E1: weakness involving one or more Present Present Present® Present 


limbs, neck, face, or cranial nerves 


E2: decreased muscle tone in at Present Present Presence is Present 
least one weak limb supportive but not 

required 
E3: decreased or absent muscle Present Present Presence is Present 
stretch reflexes in at least one weak supportive but not 
limb® required 
MRI: spinal cord lesion with Present Present Present Not done 


predominant gray matter 
involvement, with or without nerve 
root enhancement’ 


CSF: pleocytosis (white cell Present Absent or not Presence is Presence is 
count > 5 cells/mm*)® done supportive but not supportive but not 
required or not done required or not done 


Factors that might suggest an alternative diagnosis 


. Encephalopathy that cannot be explained by fever, illness, respiratory distress, metabolic abnormalities, or medications 
2. Presence of sensory deficits on examination” 


3. Presence of lesions in supratentorial white matter or cortex, which should prompt consideration of acute disseminated 
encephalomyelitis (ADEM), myelin oligodendrocyte glycoprotein (MOG)-antibody-associated disease, neuromyelitis optica 
spectrum disorder, encephalomyelitis, and others 


4. Absence of CSF pleocytosis, which should prompt consideration of Guillain-Barré syndrome, botulism, ischemic cord 
lesions, and others 


5. Positive serum aquaporin 4 antibody, which would exclude acute flaccid myelitis 


6. Positive serum MOG antibody, which would suggest MOG-antibody-associated disease” 


E = examination; H = history. 

® Modified with permission from Murphy OC, et al, Lancet.?” © 2021 Elsevier Ltd. 

P These criteria apply to the acute stage of the disease. 

° Subjective (H1) or objective (E1) weakness must be present in any of the limbs, neck, or cranial nerves. 
2 Prodromal illness can include respiratory, gastrointestinal, or other symptoms of viral illness. 

© Normal or increased reflexes can be found in other limbs. 


f If the MRI obtained very early (within hours of neurologic onset) appears normal, repeat MRI after clinical evolution might show diagnostic 
findings. MRI obtained at late stages (24 weeks) might be normal. 


£ CSF may be normal at very early (hours) or late (24 weeks) stages of acute flaccid myelitis. 
^ At present, there are no data describing the frequency of these features in patients with acute flaccid myelitis. 
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recovery.” Neuroinvasive disease occurs in less than 1% of people infected and 
presents with meningitis, encephalitis, and parkinsonian features. 

Myelitis develops in an estimated 5% to 10% of cases of WNV neuroinvasive 
disease and most often presents as an acute flaccid paralysis with weakness, 
decreased reflexes, and possible bowel and bladder dysfunction.’ MRI may be 
normal or demonstrate T2 hyperintensity with or without contrast enhancement 
in the ventral spinal cord or gray matter; longitudinally extensive myelitis has 
also been reported. CSF analysis in affected patients demonstrates neutrophilic 
pleocytosis with later lymphocytic pleocytosis. Viral replication in blood and CSF 
is brief and can occur before symptom onset, which renders WNV PCR less 
useful for a diagnosis with a low sensitivity of 25% to 30% despite a specificity of 
100%. CSF IgM is more sensitive than CSF PCR. IgM does not normally cross the 
blood-brain barrier; therefore, a positive WNV IgM in the CSF indicates 
intrathecal synthesis and is diagnostic of West Nile neuroinvasive disease. CSF 
IgM can remain positive for months to years and cannot be used to inform a 
possible recent infection. Paired acute and convalescent plasma IgM and IgG 
antibodies can be used to establish acute infection.” Treatment for West Nile 
myelitis is primarily supportive. A randomized controlled trial did not show 
efficacy for IVIg in WNV.**** 


Japanese Encephalitis Virus 

Japanese encephalitis virus, a flavivirus whose vector is Culex tritaeniorhynchus, 
causes human infection during rainy seasons in endemic areas of Asia and the 
Western Pacific region. Japanese encephalitis virus causes an estimated 50,000 to 
175,000 symptomatic infections per year and is the most common vaccine- 
preventable cause of encephalitis in Asia.” Rare cases of myelitis or acute flaccid 
myelitis have also been reported in endemic areas.3°?” The number of cases is 
likely underreported because of limited access to laboratory resources to 
complete WHO diagnostic recommendations, which include testing for Japanese 
encephalitis virus-specific IgM antibody in a single sample of CSF or serum and 
using an IgM-capture ELISA. A CSF sample is preferred. It is important to 
remember that serum analysis can lead to false positives from a previous 
infection or vaccination.” Treatment for Japanese encephalitis virus myelopathy 
is supportive. No antiviral medications have evidence of efficacy in Japanese 
encephalitis virus myelopathy. A few case reports have described the use of 
steroids and IVIg in affected patients.>° 


Chikungunya Virus 

Chikungunya virus, an arbovirus found in Asia, Africa, Europe, and the 
Americas, typically causes a self-limited syndrome of high fever, malaise, 
arthralgias, and often skin rash. Chikungunya has been associated with 
parainfectious and postinfectious presentation of meningoencephalitis, myelitis, 
myelopathy, acute inflammatory demyelinating polyradiculoneuropathy 
(AIDP), and acute disseminated encephalomyelitis (ADEM). Whether these 
represent direct neurotropism or likely secondary immune response is unclear. 
MRI of the spinal cord in affected patients shows multiple punctate and 
longitudinal T2 hyperintense lesions with associated T1 contrast enhancement, 
primarily in the peripheral regions of the spinal cord.*° In acute settings (the first 
week of symptoms), chikungunya is diagnosed by reverse transcription PCR of 
viral RNA from blood. After the first week, serologic testing by IgM and IgG is 
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@ West Nile virus IgM in 
serum can remain positive 
for months to years. Paired 
acute and convalescent 
plasma IgM and IgG 
antibodies can be used to 
establish acute infection. 


@ Neuroinvasive West Nile 
virus may present with 
encephalitis, parkinsonian 
features, and acute flaccid 
myelitis. 


@ Japanese encephalitis 
virus causes an estimated 
50,000 to 175,000 
symptomatic human 
infections per year and is the 
most common 
vaccine-preventable cause 
of encephalitis in Asia. Rare 
cases of myelitis or acute 
flaccid myelitis have been 
reported in endemic areas. 


@ In chikungunya- 
associated myelopathy, MRI 
of the spinal cord shows 
multiple punctate and T2 
longitudinal hyperintense 
lesions with associated T1 
contrast enhancement, 
primarily in the peripheral 
regions of the spinal cord. 
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more sensitive.“ With neurologic involvement, CSF typically shows evidence of 
inflammation without necessarily showing direct evidence of chikungunya viral 
products. Treatment is informed by expert opinion and typically includes 
steroids, but relapsing neurologic dysfunction can occur.** 


Human Immunodeficiency Virus (HIV) 

HIV is a retrovirus associated with myelopathy that can present early at the time 
of seroconversion as acute myelitis or later in infection with a vacuolar 
myelopathy. Opportunistic infections may occur with suboptimal HIV control 


(FIGURE 6-37), and HIV-related myelopathy may be seen after initiation of 
combination antiretroviral therapy because of chronic immune dysregulation 
( | 6-3).44 Vacuolar myelopathy is the most widely recognized spinal cord 


complication of HIV and typically affects patients with long-standing disease. 
Patients typically present with progressive myelopathy causing spastic 
paraparesis with significant sensory loss in the legs primarily affecting the dorsal 
columns. The clinical features are similar to subacute combined degeneration as 


Syphilitic myelitis in a 50-year-old man with human immunodeficiency virus (HIV). Sagittal 
short tau inversion recovery (STIR) (A) and T2-weighted (B) noncontrast MRI of the spine 
shows a longitudinally extensive central cord hyperintense lesion (A, B, arrows). Peripheral 
striplike enhancement at the thoracic spinal cord surface is seen on T1-weighted imaging with 
fat saturation with contrast (C); this image shows a candle-guttering appearance (C, arrows). 
Reprinted with permission from Corréa DG, et al, J Neuroradiol.** © 2023 Elsevier Masson SAS. 
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Human Immunodeficiency Virus—associated Spinal Cord Diseases TABLE 6-3 
Organized by Immune Status®”” 


Disease Prevalence Pathophysiology Key diagnostic tests Treatment® 
CD4* count 
> 500 cells/mm* 
Primary human Case HIV-mediated CSF HIV RNA, excluding Combination 
immunodeficiency virus reports immunotoxicity other diseases antiretroviral therapy 
(HIV)-associated acute (CART) 
myelitis 
Immune-mediated Case Unknown MRI, CSF oligoclonal Corticosteroids 
myelitis reports bands 
HIV-associated motor Case Unknown MRI, electromyography IV immunoglobulin 
neuron disease reports and nerve conduction (IVIg) 
studies 
CD4* count 
< 500 cells/mm* 
HIV myelitis 8-10% by HIV-mediated CSF HIV RNA, excluding CART 
pathology immunotoxicity other diseases 
Vacuolar myelopathy 7-55% by Unknown Excluding other diseases Supportive 
pathology 
Primary central nervous Case Intramedullary or CSF cytology, biopsy of Steroids, radiation, 
system lymphoma reports leptomeningeal spread mass lesion systemic 
chemotherapy 
Cytomegalovirus (CMV) 3-8% by Necrosis, small to medium CSF CMV polymerase V ganciclovir with or 
radiculomyelitis pathology vessel vasculitis chain reaction (PCR) without foscarnet 
Herpes simplex virus Case Necrosis, small to medium CSF HSV PCR V acyclovir 
(HSV) sacral reports vessel vasculitis 
radiculomyelitis 
Varicella-zoster virus Case Necrosis, medium vessel CSF VZV PCR or VZV V acyclovir 
(VZV) myelitis reports vasculitis IgSM/|gG 
Spinal cord syphilis? Case Large vessel vasculitis, CSF Venereal Disease V penicillin 
reports meningomyelitis, gummas, Research Laboratory 


tabes dorsalis 


Spinal cord tuberculosis Case Vertebral compression, CSF acid-fast bacilli stain, First-line tuberculosis 
reports paravertebral abscess, cultures or PCR, biopsy of antibiotics and 
radiculomyelitis, mass lesion corticosteroids 


tuberculomas 


ê Reprinted with permission from Levin SN and Lyons JL, Handb Clin Neurol. © 2018 Elsevier B.V. 

b Fungal and parasitic infections not included in this table. 

° Treatment for all conditions includes CART. The therapies for myelitis and HIV-associated motor neuron disease are based on case reports. 
€ May also occur with CD4* count >500 cells/mm*. 
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caused by vitamin B,, deficiency, although vitamin levels are normal. The 
pathophysiology of this disease is unclear. Pathologically, viral invasion by HIV is 
typically absent, as is significant degree of inflammation. Treatment generally 
consists of antiretroviral therapy combined with potential immune modulation 
such as with IV immunoglobulin. Patients with HIV-associated vacuolar 
myelopathy should also be tested for other infections such as syphilis, human 
T-cell lymphotropic virus type 1 (HTLV-1), and cytomegalovirus (CMV), as well 
as noninfectious nutritional causes. 


Human T-Cell Lymphotropic Virus Type 1 

HTLV-1 is a retrovirus that causes HTLV-1-associated myelopathy, also known 
as tropical spastic paraparesis, a progressive myelopathy occurring in up to 3% of 
people infected with HTLV-1.* Approximately 20 million to 40 million people 
are infected worldwide, and most infected individuals remain lifelong 
asymptomatic carriers. Endemic areas of HTLV-1 infection include the 
Caribbean, southern Japan, Central and South America, the Middle East, 
southwest Pacific islands, and equatorial Africa.*° HTLV-1 is transmitted from 
mother to child through breast milk, by sexual contact, and through infected 
blood.*” The incidence is higher in women than men with onset reported most 
often in the third or fourth decade of life. However, a 2020 report from Peru 
characterized HTLV-1-associated myelopathy in children with a median age of 
onset of 14 years.*® 

HTLV-1-associated myelopathy is characterized by higher HTLV-1 proviral 
loads in blood and CSF (calculated as fraction of infected mononuclear cells) 
compared with asymptomatic control values.*? In patients with HTLV-1- 
associated myelopathy, the HTLV-1 proviral load is twofold or threefold higher 
in CSF cells compared with peripheral blood mononuclear cells.” Activated 
immune cells and spontaneous lymphoproliferation of infected T cells are also 
characteristic of HTLV and serve as a focus for possible therapeutic 
intervention.” HTLV-1-associated myelopathy includes considerable mononuclear 
cell inflammation with lymphocytic perivascular cuffing, capillary proliferation, 
demyelination, and reactive astrocytosis. In the early phase of disease, CD4* and 
CD8* lymphocytes are seen in spinal cord inflammatory lesions with a shift to CD8* 
lymphocyte predominance in chronic disease.” Demyelination and axonal damage 
affect the spinal cord most severely in the lateral columns with thoracic spinal cord 
atrophy seen on MRI. However, in early disease, spinal cord imaging may be 
normal, and atrophy is seen only later with disease progression.**** 

The most common presentation of HTLV-1-associated myelopathy starts with 
lower extremity weakness with progression to spastic paraparesis and disability 
within 2 years of onset, urinary retention, lumbar pain, and loss of vibratory 
sensation with constipation and erectile dysfunction presenting later in the 
disease course.°>°° Rapid progression of disease occurs in some cases, leading to 
the use of assistive devices within 3 months of initial symptoms. FIGURE 6-4 shows 
disease progression in HTLV-1-associated myelopathy. CASE 6-3 represents a 
characteristic HTLV-1—associated myelopathy presentation. HTLV-1-associated 
myelopathy diagnosis requires the clinical syndrome and an HTLV-1 antibody- 
positive two-step immunoassay (ELISA for HTLV-1/2 followed by confirmation 
of HTLV-1 with antibody banding with p19 or p24 encoded protein in 
combination with banding for rgp21 or rgp46env on Western blot).*” 
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A 45-year-old woman presented with 1 year of progressive gait difficulty, 
aching in the lower back and thighs, and urinary retention. Neurologic 
examination showed normal upper extremity strength, sensation, and 
reflexes with 4/5 strength in hip flexion, hyperreflexia in bilateral lower 
extremities with sustained ankle clonus, and a mildly spastic gait. Her 
history included dengue fever as a child in Honduras and no family history 
of similar conditions. MRI of her brain was normal. MRI of her cervical and 
thoracic spine showed atrophy of the thoracic spinal cord (FIGURE 6-4). 
Complete blood cell counts and metabolic panel were normal; CD4* and 
CD8* counts were normal; HIV and hepatitis C serologies were negative; 
hepatitis B testing was positive for hepatitis B surface antibody only; 
copper, vitamin B,2, and vitamin E levels were normal; human T-cell 
lymphotropic virus type 1 or 2 (HTLV 1/2) was positive on ELISA; and a 
Western blot was positive for HTLV-1. Anti-aquaporin 4 antibodies were 
negative. CSF analysis showed normal protein and glucose concentrations, 
and paired oligoclonal bands were positive in CSF and serum. 


FIGURE 6-4 

Sagittal T1-weighted MRI of the cervical and thoracic spinal cord of the patient in CASE 6-3 
who has human T-cell lymphotropic virus type 1 (HTLV-1)-associated myelopathy, also known 
as tropical spastic paraparesis, 2 years after onset (A), 4 years after onset (B), and 6 years after 
onset (C). The sequential imaging findings demonstrate progressive spinal cord atrophy. 


CASE 6-3 


This case exemplifies HTLV-1-associated myelopathy, also known as 
tropical spastic paraparesis. World Health Organization criteria for HTLV-1- 
associated myelopathy were met through HTLV-1/2 ELISA with a 
confirmatory line assay and the progressive nature of clinical presentation. 
The patient's earlier-onset urinary retention led to extensive urologic 
evaluation that included ureteral stent placement; only later did the gait 
disturbance manifest and lead the patient to seek a neurologic 
consultation. Because modes of transmission include sexual contact and 
vertical transmission, it is important to counsel patients regarding possible 
asymptomatic carrier status in partners and children who received breast 
milk for early nutrition. 
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There is no effective antiviral treatment for HTLV-1 infection. Observational 
studies showed evidence for the use of high-dose methylprednisolone, 1 g IV for 3 
to 5 days, for induction and low-dose oral prednisolone, 5 mg/d to 10 mg/d, as 
maintenance therapy.” ®* A phase 2 randomized controlled trial that compared 
placebo with prednisolone in rapid, slow, and very slow progressors showed 
improvement in Osame Motor Disability Score values with 1 g/d IV 
methylprednisolone for 3 days and 0.5 mg/kg/d oral prednisolone for rapid 
progressors.® A consensus review by the International Retrovirology Association 
stated there is insufficient evidence to recommend antiviral drugs and 
immunomodulators, specifically cyclosporin A and interferon alfa. 
Mogamulizumab is a humanized anti-CCR4 (chemokine receptor type 4) 
monoclonal antibody that targets HTLV-1-infected CCR4* T cells and has shown 
promise in early phase trials, but further studies are required.* 


Herpesviruses 

Herpesviruses are large, enveloped, double-stranded DNA viruses. Eight 
herpesviruses affect humans; herpes simplex virus 1 (HSV-1), herpes simplex 
virus 2 (HSV-2), and varicella-zoster virus (VZV) are neuroinvasive and 
establish lifelong latent infection in ganglia and can give rise to recurrent 
reactivations responsible for significant morbidity and mortality. 


HERPES SIMPLEX VIRUS. HSV -1 is acquired by oral mucosa infection and is the most 
common cause of sporadic viral encephalitis worldwide. HSV-1 and HSV-2 may 
both affect the spinal cord, typically manifesting as inflammatory myelitis. 
HSV-z2 is mainly responsible for meningoencephalitis in newborns and 
meningitis in adults.°° HSV-2 myelitis can present as a mild syndrome with full 
recovery, as a recurrent meningomyelitis, or as a devastating acute necrotizing 
myelitis, especially in immunocompromised hosts. Most commonly, patients 
have radiculomyelitis affecting the conus and lumbosacral dermatomes causing 
clinical symptoms of urinary sphincteric dysfunction with pain, numbness, and 
weakness in the legs. CSF usually shows lymphocytic pleocytosis but may be 
neutrophilic very early in the disease. Detection of HSV-1 and HSV-2 DNA by 
PCR is the gold standard method for diagnosing HSV infection of the CNS. 
Estimates of sensitivity and specificity are unclear because some patients with 
radiculomyelitis typical of HSV-2 infection may not show positive PCR results 
but were not tested early in the disease course when PCR is most sensitive. MRI 
may show spinal cord T2 hyperintensities with edema and contrast enhancement 
of the cord and roots or smooth, linear enhancement of the cord surface and 
cauda equina. Treatment for HSV-1 or HSV-2 CNS infection is 10 mg/kg IV 
acyclovir every 8 hours for 14 to 21 days. 


VARICELLA-ZOSTER VIRUS. The most common presentation of VZV is chickenpox 
in children and zoster, or shingles, in adults. VZV has tropism for dorsal root 
ganglia where the virus remains latent. VZV myelitis is rare and may be seen with 
primary VZV infection but more often presents with reactivation of latent 
virus.°* Patients can present with regional, dermatomal pain and acute or 
subacute focal neurologic dysfunction including paraparesis and bladder 
dysfunction. VZV myelitis has been associated with lesions throughout the spinal 
cord and nerve roots and can present as meningitis, radiculitis, myelitis, and focal 
vasculopathies. Myelitis is often preceded by painful cutaneous vesicular lesions 
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in a dermatomal pattern but can present at the same time as the cutaneous lesions 
or occasionally without any vesicular skin eruptions.°”’° Like HSV-2 and CMV, 
VZV also can cause a syndrome of acute radiculomyelitis of the conus 
(sometimes called Elsberg syndrome).’°”* VZV angiopathy is a rare complication 
that can result in spinal cord infarction. VZV PCR on CSF has limited sensitivity; 
therefore, testing for IgG antibodies in CSF is recommended. The CSF VZV 
antibody index reveals intrathecal synthesis of VZV-specific IgG. The antibody 
index is defined in the following equation: 


anti- VZV IgG in CSF/anti-VZV IgG in serum 
total IgG in CSF/total IgG in serum 


CSF antibody index is considered elevated for values greater than 1.5. Treatment 
can include IV acyclovir 10 mg/kg every 8 hours for 14 to 21 days, corticosteroids 
if cord edema is present, and symptomatic and supportive care. 


EPSTEIN-BARR VIRUS. Epstein-Barr virus (EBV) is a common virus with >80% 
seropositivity in adults in the United States. EBV presents most commonly as 
acute mononucleosis associated with pharyngitis, cervical lymphadenopathy, 
fever, and malaise. CNS involvement includes encephalopathy, myelitis, and 
myeloradiculitis, with presentations that include myelitis or longitudinally 
extensive myelitis. MRI may show intramedullary, central T2 hyperintensity 
with a longitudinally extensive or transverse pattern. CSF analysis usually shows 
mononuclear pleocytosis. EBV DNA PCR is typically positive in the CSF; EBV 
IgM and IgG should be tested to show intrathecal production.” 


CYTOMEGALOVIRUS AND HUMAN HERPESVIRUS 6 AND 7. CMV, human herpes virus 6 
(HHV-6), and human herpes virus 7 (HHV-7) myelopathy are rare and 
associated with posttransplantation viral activation or immunocompromised 
patients. CMV myelitis should be considered in patients with spinal cord 
dysfunction and HIV with CD4* counts less than 100 cells/mm3. CMV can cause 
lumbosacral polyradiculitis or myeloradiculitis”® or longitudinally extensive 
myelitis.”” CMV myelitis can be treated with IV ganciclovir 5 mg/kg every 

12 hours or a combination of ganciclovir and IV foscarnet 90 mg/kg every 

12 hours. The duration of treatment varies. Newer antiviral drugs, including 
letermovir and maribavir, were US Food and Drug Administration (FDA) 
approved for CMV infection, and adoptive T-cell therapies have shown promise 
in posttransplantation patients with CMV infection.”* 


Severe Acute Respiratory Syndrome Coronavirus 2 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly 
transmissible and pathogenic coronavirus, a single-stranded RNA virus, that 
caused the recent pandemic of acute respiratory disease, COVID-19.”° Clinical 
series have reported that 33% to 73% of infected patients experienced neurologic 
symptoms. Longitudinally extensive myelitis is the most frequently reported 
myelopathy. It has been postulated that SARS-CoV-2-associated spinal cord 
demyelination can be a para- or postinfectious process; this is partially based on a 
variable time interval between exposure and onset of myelitis symptoms 

and improvement with immune therapy.’”? MRI may show lesions in both the 
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@ A diagnosis of human 
T-cell lymphotropic virus 
type 1 (HTLV-1)-associated 
myelopathy, also known as 
tropical spastic paraparesis, 
requires positive HTLV-1/2 
ELISA and confirmatory 
HTLV-1 Western blot. 


@ Detection of herpes 
simplex virus 1 (HSV-1) and 
herpes simplex virus 2 (HSV- 
2) DNA by polymerase chain 
reaction is the gold standard 
method for diagnosing HSV 
infection. 


@ VZV myelopathy is not 
always preceded by herpes 
zoster. 


@ HSV-2, varicella-zoster 
virus, and cytomegalovirus 
(CMV) can present with a 
painful lumbosacral 
radiculitis and myelitis 
known as Elsberg syndrome. 


@ VZV polymerase chain 
reaction on CSF has low 
sensitivity; therefore, 
testing for IgG antibodies in 
CSF is recommended. The 
CSF VZV antibody index 
reveals intrathecal synthesis 
of VZV-specific IgG. 


@ CMV myelitis should be 
considered in patients with 
CD4* counts less than 100 
cells/mm? and myelopathy. 


@ Longitudinally extensive 
myelitis is the most 
frequently reported 
myelopathy associated with 
severe acute respiratory 
syndrome coronavirus 2 
(SARS-CoV-2). 
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cervical and thoracic cord, with isolated lesions and diffuse demyelination 
patterns seen. New-onset paraplegia with anterior horn lesions seen on MRI have 
also been reported, reigniting questions about neurotropism and the 
neuroinvasive potential of SARS-CoV-2. CSF may show an elevated protein 
concentration and lymphocytic pleocytosis. Reverse transcription-PCR assays of 
CSF samples are negative for SARS-CoV-2. Clinical series have described the use 
of IV corticosteroids, oral corticosteroids, plasma exchange, and IVIg in the 
treatment of these patients.°°** 


FUNGAL MYELOPATHIES 

Fungal infections occur more frequently in immunocompromised people. Fungal 
infections may affect the spinal cord or nerve roots and can result in the 
formation of abscesses or granulomas. CSF analysis characteristically shows an 
elevated opening pressure and protein concentration with lymphocytic 
pleocytosis and hypoglycorrhachia. Gram stain and culture may demonstrate the 
fungi. Testing for fungus-specific antigens and antibodies in body fluids 
including the CSF, serum, and urine and (1,3)-$-D-glucan assays should be part 
of the diagnostic evaluation.” Fungal myelopathy and myelitis usually present 
with abnormal imaging. 


Aspergillus 

Myelitis is an uncommon manifestation of disseminated Aspergillus, an 
angioinvasive mold. Aspergillus typically causes brain abscess with inflammatory 
vasculopathy causing infarction. Aspergillus myelitis or myelopathy should be 
considered in immunocompromised individuals who present with back pain and 
spinal cord dysfunction. Symptoms can result from cord compression due to 
granuloma formation or from direct fungal myelitis. Spinal cord infarction can 
occur as well. Galactomannan antigen testing detects Aspergillus in 
immunocompromised patients with serum and CSF sensitivity greater than 85% 
and specificity greater than 95%.** Piperacillin-tazobactam therapy, concomitant 
bacterial infection, transfusion, and dialysis can result in a false positive. The 
(1,3)-B-D-glucan antigen test is also positive for invasive aspergillosis but is not 
specific for the diagnosis.** Similar antifungal therapies can be used in adults and 
pediatric patients; however, the dosing may be different and is not well 
established in pediatrics.” Current treatment recommendations for CNS 
aspergillosis include voriconazole (oral or IV) with an IV load of voriconazole 
6 mg/kg every 12 h for two doses followed by 4 mg/kg every 12 hours. The oral 
loading dose is 400 mg every 12 hours for two doses, followed by 200 mg orally 
every 12 hours. The therapy duration typically continues for several months, 
depending on the clinical and radiologic response and ongoing 
immunosuppression. In addition to antifungal therapy, immunosuppression 
should be reduced or reversed whenever possible.” 


Coccidioides 

Coccidioidomycosis is caused by Coccidioides immitis and Coccidioides posadasii, 
dimorphic fungi endemic to California and southwest United States, Mexico, and 
Central America. Most cases are asymptomatic or manifest as a mild, self- 
resolving respiratory infection, but 1% to 3% of cases disseminate to the skin, 
bones, lymph nodes, or CNS.** Meningitis is the most common CNS 
manifestation. Rarely, myelitis, spondylitis, and spondylodiscitis have also been 
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reported. Patients typically present with back pain, sensory disturbance, 
weakness, and bladder dysfunction, reporting prior headache in some cases. 
Onset is usually insidious. Immunocompromised patients are more likely to have 
dissemination. Diagnosis typically requires demonstration of systemic 
coccidioidal infection by serology, testing of CSF, and usually MRI. CSF analysis 
shows mixed or lymphocytic pleocytosis, hypoglycorrhachia, and elevated 
protein. More specific diagnosis requires culture or antibody testing for 
complement fixing anticoccidioidal antibodies. Culture or PCR for coccidioides is 
insensitive and does not sufficiently exclude the diagnosis. CSF coccidioidal 
antigen testing supplements serologic testing and can improve sensitivity of 
diagnosis. MRI typically shows variable abnormalities. A 2022 MRI study showed 
53% of infected patients had leptomeningeal enhancement, 53% had 
arachnoiditis, 23% had syringomyelia, 10% had cord signal abnormalities, and 7% 
had osteomyelitis.” Treatment recommendations include fluconazole at doses 
ranging from 400 mg/d to 1200 mg/d and surgery in some cases.*° 


Histoplasma 

Histoplasma capsulatum is endemic to the Ohio and Mississippi River valleys. 
Infection is most often asymptomatic but can present with pulmonary findings, 
particularly in immunocompromised people. Subacute or chronic meningitis, 
intramedullary brain and spinal cord lesions, stroke syndromes, or encephalitis 
can be seen in 5% to 10% of cases with progressive disseminated histoplasmosis. 
Diagnostic evaluation includes CSF culture, anti-Histoplasma antibodies in serum 
and CSF, and Histoplasma antigen tests.’ Treatment with liposomal 
amphotericin B followed by itraconazole for at least 1 year and until resolution of 
CSF abnormalities, including Histoplasma antigen levels, is recommended; 
however, this is based on moderate evidence.*® 


Cryptococcus 

Cryptococcus neoformans, a neurotropic fungus, is an important opportunistic 
infection that causes meningoencephalitis, radiculitis, and inflammatory 
myelopathy. Spinal cord compression can also occur from a cryptococcoma, 
which occurs more often with Cryptococcus gattii than C. neoformans. Spinal cord 
dysfunction is much less frequent than meningoencephalitis. Patients can 
present with headache, neck stiffness or pain, radicular pain, and focal deficits 
dependent on anatomic location.” Nearly half of patients who present with 
cryptococcal meningitis are HIV positive.” Cryptococcal-specific antigen in CSF 
and serum is used for diagnosis. CSF typically demonstrates low glucose and 
elevated protein concentrations and high IgG indices; the white blood cell count 
in CSF may be normal.”* Treatment includes liposomal amphotericin B and 
flucytosine with a careful immune-reconstitution strategy given the propensity 
for immune reconstitution inflammatory syndrome (IRIS) in patients with 
cryptococcal meningitis.” In addition, elevated intracranial pressure in patients 
with cryptococcus infection may require multiple lumbar punctures or 
ventricular drainage for CSF decompression. 


Candida 

Candidiasis is the most frequent invasive fungal infection. Compared with 
Candida spp. meningitis and microabscess, myelitis is rare but has been reported 
in hematologic malignancies with neutropenia, HIV, postsurgical intervention, 
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diabetes, and CARDg deficiency (caused by variations in the CARDg9 gene). Focal 
lesions or meningeal enhancement can be seen on MRI, and (1,3)-$-D-glucan is 
positive in serum and CSF. A CSF Candida mannan antigen test should be 
included in the diagnostic workup. Treatment is a combination of liposomal 
amphotericin B and flucytosine followed by fluconazole, per IDSA guidelines.?*”° 


PARASITIC MYELOPATHIES 

Globally, parasitic infections are an important cause of myelopathy, especially 
for space-occupying spinal cord lesions. Even in areas without endemic parasitic 
infections, thoughtful evaluation for spinal cord masses should include 
assessment for exposure to the more common parasitic infections. 


Neurocysticercosis 

Neurocysticercosis is caused by Taenia solium, a tapeworm larva, and is the most 
common parasitic infection of the CNS. Infection occurs when humans ingest 
food contaminated with T. solium eggs. Cysticerci subsequently develop in 
different tissue sites after ingestion. Taenia is endemic to Latin America, 
sub-Saharan Africa, and large regions of Asia, including the Indian subcontinent, 
most of southeast Asia, and China. Global travel contributes to the 
neurocysticercosis cases in the United States.’ Neurocysticercosis occurs in the 
brain parenchyma, spinal cord, and meninges. Spinal neurocysticercosis is rare, 
occurring in only 3% of cases of neurocysticercosis and more commonly involve 
the spinal subarachnoid space rather than the spinal cord.?” The most common 
clinical presentations of spinal neurocysticercosis are focal motor deficits, 
radicular pain, sensory deficits from spinal subarachnoid disease. With rarer 
spinal cord involvement, subacute or chronic myelopathy develops.?* MRI is the 
preferred imaging modality for cysticercosis of the spine.” Leptomeningeal cysts 
are seen on MRI as cystic lesions or areas of arachnoiditis, and intramedullary 


FIGURE 6-5 

Intramedullary cystic cysticercosis. Sagittal gadolinium-enhanced T1-weighted (A) and 
T2-weighted (B) MRI shows an intramedullary cystic lesion located at the T3 to T4 level. The 
lesion has a thick wall and contrast enhancement, which is associated with adjacent 
vasogenic edema. 

Reprinted with permission from Almeida C, et al, Neurology. ° © 2018 American Academy of Neurology. 
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cysticerci are rounded cysts. MRI may show internal scolex (as in FIGURE 6-5), but 
without the scolex, cysts could be mistaken for tumors.” Pericystic edema and a 
ringlike pattern of abnormal enhancement may also be seen on MRI.*°° Serologic 
testing with enzyme-linked immunotransfer blot as a confirmatory test in 
patients with suspected neurocysticercosis is recommended. CSF may show an 
increased protein level and eosinophilia or mononuclear pleocytosis, although 
eosinophilia is not always present. Albendazole is an option for therapy of 
intramedullary spinal cord cysts in conjunction with corticosteroids.*** Although 
medical treatment had similar outcomes compared with surgery, a combined 
approach may be appropriate, and removal of intramedullary cysts and cysts in 
the spinal subarachnoid space may be required in some cases."°* 


Neuroschistosomiasis 

Schistosomiasis is caused by Schistosoma japonicum, Schistosoma haematobium, 
and Schistosoma mansoni in Asia, Sub-Saharan Africa, and Central and South 
America, respectively. Risk factors include contact with contaminated water in 
which larvae gain entry through skin penetration. Patients acutely present with 
an itchy rash at the site of larval entry or a systemic hypersensitivity reaction 
following hematogenous spread. Neurologically, spinal cord spread is more 
common than spread to the brain. Up to 5% of myelopathy cases in endemic 
areas, including acute myelitis and subacute myeloradiculopathy of the 
lumbosacral region, have been attributed to schistosomiasis, associated most 
with S. mansoni or S. haematobium.*°? Patients can present with lumbar pain, 
lower limb radicular pain, muscle weakness, sensory loss, and 

bladder dysfunction. 

Diagnosis typically begins with testing for systemic infection. In early 
infection, schistosome eggs are typically sought in stool or urine samples. 
Microscopic evaluation is highly dependent on available expertise and insensitive 
in individuals with a low burden of disease. For individuals past the acute phase 
of infection, systemic infection is established by serology and urine antigen 
testing. CSF testing can show eosinophilia and may show positive antibody 
testing. Patients are often treated empirically at this stage when there is a 
compatible neurologic syndrome, supportive imaging, and evidence of systemic 
disease. For atypical cases, biopsy is obtained to demonstrate infection. 
Praziquantel and steroids are currently used for the treatment of 
neuroschistosomiasis. Surgery may also be required in cases of spinal cord 
compression from schistosomal lesions.*°* 


Sparganosis 

Sparganosis is caused by the Spirometra tapeworm and results from ingestion of 
undercooked meat. Although most cases have been documented in Asia, 
sparganosis has been seen globally. Most Spirometra infections are ocular or 
subcutaneous, with rare cases in the brain and spinal cord. Reported cases 
presented acutely or insidiously, with up to a 20-year latency period reported.*” 
The clinical presentation is dependent on the location in the spinal cord but 
usually creates a space occupying lesion. MRI may show ring-enhancing lesions 
and tubular linear enhancement (called tunnel sign) from migration of larvae.’ 
Eosinophilic pleocytosis may be present, and specific antisparganum antibodies 
may be positive in CSF and serum. Surgical removal of the tapeworm serves as 
the confirmation of the diagnosis and the treatment. The use of albendazole 
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15 mg/kg once a day, praziquantel 50 mg/kg once a day, and dexamethasone 
0.1 mg/kg once a day for 1 month to reduce recurrence of infection has shown 
improved outcomes in individual cases.*°° 


PATHWAYS TO PATHOGEN IDENTIFICATION 

In an era of advanced multimodal imaging and laboratory diagnostic technology, 
patients who present with myelitis remain undiagnosed in approximately 15% of 
suspected infectious or inflammatory causes with currently available 
techniques.*°” In addition, an observational study using conventional diagnostic 
tools in the United Kingdom reported no organism was identified in 42% of 
patients with meningitis.‘ Conventional microbiological, molecular, and 
serologic assays require the neurologist to suspect specific organisms based on 
the patient history and presentation. Although this process is a foundational 
component of the practice of medicine and explicitly directed in the 
introduction, standard assays lack the ability to identify an organism in many 
cases. The lack of identification sets forth a pathway that leads to increased 
morbidity and mortality. 

With the focus on more recent technologic applications that demonstrate 
progress in the field of pathogen discovery, an important advancement is the 
increased availability of metagenomic sequencing in the clinical setting. 
Metagenomic next-generation sequencing is a nonbiased, agnostic diagnostic 
modality that consists of sequencing all DNA in a single patient sample (body 
fluid or tissue) followed by computational analysis to identify possible 
pathogenic organisms.*° A small study of 51 patients with TB meningitis 
compared acid-fast bacilli stain and culture, Xpert-MTB/RIF, quantitative 
reverse transcription—PCR, and metagenomic next-generation sequencing of 
CSF and found that metagenomic next-generation sequencing was the most 
sensitive method (84%) for detecting M. tuberculosis DNA.*°? A second study 
using metagenomic next-generation sequencing in a population of patients with 
TB not only reported high sensitivity and specificity for TB detection but also 
predicted the use of a multiple-pathogen discovery tool in a low-resource 
setting.’° Technologies that use phage immunoprecipitation sequencing to 
profile human antiviral antibodies and inform on viral exposures are being 
optimized to gain insight into postviral immune-mediated pathology.’ 
VIRRION (virus capture with rapid Raman spectroscopy detection and 
identification), a diagnostic technique that analyzes enriched biofluids coupled 
with Raman spectroscopy to identify influenza virus at very low concentrations 
in nasopharyngeal swab samples, is currently being studied to improve virus 
detection in CSF samples.** 


CONCLUSION 

Infectious myelopathies present in many ways. The patient’s immune status, 
history of travel and exposures, and temporal relationship to prior illness all need 
to be considered. Although methods for identifying the causative organism are 
improving, making a definitive diagnosis can be challenging. Thus, any patient 
presenting with a clinical picture consistent with myelopathy needs to be 
evaluated carefully with a consideration for tropism, imaging patterns, and often 
a combination of laboratory assay results. The general treatment approach to 
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infectious myelopathy may involve antimicrobials, corticosteroids, and 
neurosurgical intervention as indicated in cases of cord compression. Immune 
therapies can also be helpful to modulate immune response. However, in many 
cases, the treatment may be supportive. A multidisciplinary approach to 


recovery improves functional outcomes. 
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Vascular Myelopathies 


By Ashutosh P. Jadhav, MD, PhD, FAAN, FSVIN, FAHA 


ABSTRACT 

oBJECTIVE: Vascular injuries of the spinal cord are less common than those 
involving the brain; however, they can be equally devastating. This article 
discusses the diagnosis and management of ischemic and hemorrhagic 
vascular disorders of the spinal cord. 


LATEST DEVELOPMENTS: Clinical suspicion remains the mainstay for 
recognizing vascular myelopathies, yet diagnoses are often delayed and 
challenging in part because of their rarity and atypical manifestations. 
Noninvasive imaging such as CT and MRI continues to improve in spatial 
resolution and diagnostic precision; however, catheter-based spinal 
angiography remains the gold standard for defining the spinal 
angioarchitecture. In addition to hemorrhagic and ischemic disease, the 
contribution of venous dysfunction is increasingly appreciated and informs 
treatment strategies in conditions such as intracranial hypotension. 


ESSENTIAL Points: Vascular disorders of the spine manifest in variable and 
often atypical ways, which may lead to delayed diagnosis. Increased 
awareness of these conditions is critical for early recognition and 
treatment. The goal of treatment is to minimize long-term morbidity and 
mortality. 


INTRODUCTION 
troke is a leading cause of permanent disability and mortality 
worldwide, and timely recognition and treatment are critical to 
minimizing injury.’ Although a majority of neurovascular disorders 
affect the cerebral vasculature, vascular pathologies of the spinal cord 
are equally devastating and often exacerbated by delayed diagnosis 
and treatment.*? Understanding the normal anatomy of the spinal 
angioarchitecture is essential to recognizing clinical manifestations of vascular 
dysfunction and planning therapeutic strategies. Ruptured or symptomatic 
lesions may require surgical resection, endovascular embolization, radiation, or a 
combination of techniques to prevent recurrent events and further 
clinical events. 


VASCULAR SUPPLY OF THE SPINAL CORD 

Blood supply to the spinal cord can be regarded in a cranial-caudal orientation as 
well as in an axial orientation (FIGURE 7-1). Arterial supply to the spinal cord is 
primarily provided by the anterior spinal artery and two paired and parallel 
posterior spinal arteries. The supply may be redundant, thereby affording 
resilience in the setting of stress or ischemia. Additionally, supply can vary 
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among patients; therefore, it is critical to examine each potential vascular 
contributor during a vascular workup because arterial supply to a culprit lesion can 
arise at any level.*® 

The cervical cord receives supply cranially from the bilateral V4 segments of 
the vertebral arteries as well as from posterior inferior cerebellar artery branches. 
Moving caudally, the extracranial branches of the vertebral artery provide 
additional contributions to the cervical cord, with a prominent cervical 
radiculomedullary artery arising from C3 and C6-C7 (also known as the artery 
of Lazorthes).” 

The upper thoracic cord is supplied by branches of the subclavian artery 
(ascending cervical and deep cervical artery branches including the supreme 
intercostal branches). The middle to lower thoracic as well as lumbar spinal cord 
receives supply from segmental branches from the aorta, which divide into 
anterior and posterior radiculomedullary arteries that supply the anterior and 
posterior spinal arteries, respectively. Contribution to the anterior spinal artery 
does not occur at every segmental level; only seven to eight radicular (medullary 
or radiculomedullary) arteries provide anterior spinal artery supply.°*? 
Although the anterior spinal artery is often considered a continuous structure, 
there may be missing and disconnected segments, particularly in the thoracic 
cord. Decreased vascular supply to the thoracic cord may lead to vulnerability of 
the upper- and midthoracic levels during hypotensive events, resulting in 
border-zone infarcts.*° 

The prominent radiculomedullary artery supplying the lower thoracic and 
lumbar spinal cord arises anywhere from the level of T5 to L3 (the arteria 
radicularis magna, also known as the main anterior radicular artery or artery of 
Adamkiewicz) but typically arises from the left side from T9 to T12. Multiple 
variants exist; in about 24% of patients, the artery of Adamkiewicz may not be 
present, and instead, the anterior cord supply may be predominantly supplied by 
two large radiculomedullary branches.“ Variant anatomies may affect surgical 
planning, ischemic vulnerability, and subsequent complications, particularly for 
aortic aneurysm repair, spine surgery, retroperitoneal surgeries, or 
intramedullary tumor resections. When visualized, the artery of Adamkiewicz 
travels along the midsagittal anterior aspect of the spinal cord in a straight course 


Central a. 


Pial a: 
plexus 


Adamkiewicz a. 


FIGURE 7-1 

Axial schematic of the normal spinal vascular anatomy demonstrates that the 
radiculomedullary artery gives rise to the artery of Adamkiewicz, which takes a 
characteristic hairpin turn to anastomose with the ASA. 

a = artery; ASA = anterior spinal artery; PSA = posterior spinal artery. 

Courtesy of Nicholas Theodore, MD. 
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KEY POINTS 


@ The vascular supply to the 
spinal cord can be variable 
among individual patients, 
with resultant heterogeneity 
in clinical deficits after 
ischemia. 


@ Pain at onset may occur in 
the setting of spinal cord 
ischemia in a third of 
patients. 
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with a characteristic hairpin turn anastomosis with the anterior spinal 
artery." The lumbosacral cord receives supply from branches of the 
hypogastric and sacral arteries, including the lateral sacral artery, median sacral 
artery, and iliolumbar artery. A singular branch of the internal iliac artery 
supplies the conus (artery of Desprogres-Gottern)."* 

The longitudinally arranged anterior spinal artery and the paired posterior 
spinal arteries run along the surface of the spinal cord and form a rich 
anastomotic network, which passes from the surface towards the center called 
the vasocorona. The anterior spinal artery gives rise to the sulcocommissural 
artery, which courses along the anterior median fissure and supplies the 
corticospinal and spinothalamic tracts, the intermediolateral cell columns, the 
anterior horns, and the central gray matter. The posterior spinal arteries and their 
pial perforators supply the posterior third of the cord, including the dorsal 
columns and dorsal horns (FIGURE 7-1).*° 

Venous drainage of the anterior spinal cord occurs in parallel with sulcal 
and circumferential veins draining into the anterior spinal vein and the posterior 


A 75-year-old woman presented to the emergency department with 
sudden-onset diaphoresis and chest pain followed by complete 
paraplegia and inability to void. Her medical history was unremarkable 
apart from hypertension. Her physical examination was notable for a 
blood pressure of 185/90 mm Hg and a heart rate of 70 beats/min. On 
neurologic examination, complete flaccid paralysis was noted in both 
of her lower extremities with 0/5 strength. A digital rectal examination 
revealed absent anal tone, and urinary retention was noted. CT of her 
head was unremarkable for hemorrhage or early ischemic changes, and 
CT angiography of her chest revealed a thrombosed aortic dissection in 
the ascending aorta (FIGURE 7-2A). Six hours after onset, MRI of her spine 
was negative for abnormalities, including ossification, stenosis, mass, 
or intramedullary changes. She was admitted to the cardiac intensive 
care unit for further workup and management. Two days after 
admission, repeat MRI of her spine showed a linear hyperintense signal 
on T2-weighted images (FIGURE 7-28). A diffusion-weighted sequence 
(FIGURE 7-2C) revealed longitudinally extensive hyperintensity, 
corresponding to apparent diffusion coefficient images (FIGURE 7-2D) 
consistent with a diagnosis of spinal cord infarction. The patient was 
started on aggressive antihypertensive therapy and underwent surgical 
repair of the dissection. She was discharged a month later to intensive 
rehabilitation, where her paralysis gradually improved to the point 
where she was able to ambulate with the use of a walker. 


COMMENT 
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This case of spinal cord infarction secondary to aortic dissection illustrates 
that imaging can be negative in the acute period, which can delay the 
diagnosis. 
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spinal cord draining into a single median posterior spinal vein. The largest vein 
draining the thoracolumbar cord is the great anterior radiculomedullary vein.® 


SPINAL CORD ISCHEMIA 

Blood flow to the spinal cord varies based on the location along its longitudinal 
axis. In monkeys, the blood flow ranges from as high as 19.72 mL/min/100 g 

in the lumbar cord to 10.4 mL/min/100 g in the thoracic cord. Similar to the 
brain, the gray matter of the spinal cord is more highly perfused than the white 
matter. The relative decrease in gray matter proportion may explain the lower 
flow noted in the thoracic cord compared with the cervical and lumbar 
segments.” 

Spinal cord infarctions are rare and account for 1% of all strokes and 5% to 
8% of all acute myelopathies. Symptoms may be transient or episodic due to 
compromised flow in the setting of arterial stenosis, subclavian steal, 
coarctation of the aorta, shunting to lower-resistance veins, or mass effect from 
enlarged vessels in arteriovenous malformations. Persistent ischemia leads to 


FIGURE 7-2 

Imaging from the patient in CAsE 7-1. A, Coronal CT angiogram of the chest reveals a 
thrombosed aortic dissection in the ascending aorta (arrow). Sagittal images of MRI of the 
thoracic spine show a spinal cord infarction: T2-weighted image shows longitudinally 
extensive T2 signal hyperintensity in the spinal cord (B, arrows) and diffusion-weighted image 
(C) and corresponding apparent diffusion coefficient image (D) show restricted diffusion 
throughout the spinal cord sequence (C, D, arrows). 


CONTINUUMJOURNAL.COM 163 


VASCULAR MYELOPATHIES 


TABLE 7-1 


164 


permanent tissue injury with a tempo that can be rapid onset (as seen more 
typically with cerebral infarcts) or progressive over hours to even days. 
Additional atypical features include back pain in a third of patients.*® An 
illustration is provided in CASE 7-1. Ischemia can be secondary to trauma, 
perioperative (aortic surgery), or arteriosclerosis of the aorta; however, other 
etiologies should be considered to determine the optimal secondary prevention 
approach (TABLE 7-1 and TABLE 7-2) 2987 


Spinal Stroke Syndromes 

As with stroke syndromes of the brain, spinal cord ischemia can be characterized 
by well-known signs and symptoms (TABLE 7-3 and FIGURE7-3). The anterior 
cord syndrome was first described by Spiller in 1909"*: the symptoms reflect the 
vascular territory of the anterior spinal artery with bilateral motor weakness and 
pain and temperature sensory deficit below the lesion due to involvement of the 
corticospinal and spinothalamic tracts, respectively. Damage to the sympathetic 


Spinal Cord Infarction Etiologies 


Large artery 


@ Aortic dissection, vertebral artery dissection, subclavian artery dissection, arteriosclerosis of 
the aorta 


Vasculitic 


+$ Giant cell arteritis, polyarteritis nodosa, primary angiitis of the central nervous system, 
infectious (eg, varicella-zoster virus, syphilis, fungal, schistosomiasis, Lyme disease, 
tuberculous meningitis, hepatitis) 


Embolic 
@ Atrial fibrillation, endocarditis, myxoma, fat embolus, paradoxical embolus 
Mechanical 


@ Intervertebral disk herniation, temporary cervical subluxation, fibrocartilaginous embolism, 
spinal trauma, surfer’s myelopathy 


Flow failure and steal 

@ Cardiac arrest, hypotension 

Vascular malformation 

@ Spinal dural arteriovenous fistula, spinal arteriovenous malformation 
latrogenic 


@ Angiography, renal artery embolization, surgery for aortoiliac occlusive disease, 
extracorporeal membrane oxygenation, intraaortic balloon counterpulsation 


Hypercoagulable state 


@ Malignancy, disseminated intravascular coagulation, sickle cell disease, 
antiphospholipid-antibody syndrome, homocysteinemia 


Pharmacologic 
@ Medications (eg, sildenafil, oral contraceptives); drugs of misuse (eg, cocaine, cannabis) 
Other 


# Decompression sickness 


FEBRUARY 2024 


tracts leads to autonomic symptoms, including bowel and bladder dysfunction 
(constipation and urinary retention), and upper cervical cord lesions may cause 
respiratory failure. Involvement of the anterior spinal artery can be unilateral 
with resultant ipsilateral hemiparesis and contralateral spinothalamic sensory 
deficit. The posterior cord syndrome is complementary and reflects the vascular 
supply of the posterior spinal artery with bilateral loss of light touch, 
proprioception, and vibration sensation below the level due to dorsal column 
involvement. The posterior unilateral infarct leads solely to ipsilateral sensory 
loss. A complete cord syndrome leads to a combination of the anterior cord and 
posterior cord syndromes with bilateral motor weakness and complete sensory 


loss of all modalities. 
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Partial anterior spinal artery infarcts can manifest as Brown-Séquard 
syndrome with associated ipsilateral weakness and a unique sensory deficit 
consisting of contralateral loss of pain and temperature (two dermatomes below 
the lesion) and ipsilateral loss of light touch, proprioception, and vibration 
sensation (below the lesion). A sulcal artery occlusion may result in a partial 
Brown-Séquard syndrome with isolated ipsilateral motor weakness.*° 


Diagnostic Testing 
Given the rarity of spinal cord infarction, a major limitation has been the lack of 
formal diagnostic criteria. The diagnosis has been historically based on clinical 


Evaluation of Patients With Suspected Spinal Cord Infarction 


Routine 


TABLE 7-2 


When routine evaluation is unrevealing 


or indicated by clinical features 


Imaging 


Laboratory testing 


CSF 


Other 


MRI of the cervical or thoracic spine (with 
diffusion-weighted imaging and apparent 
diffusion coefficient and postgadolinium 
sequences); cervical magnetic resonance 
angiography (MRA) (if cervical level affected, 
with Tl-weighted fat saturation for suspected 
dissection) 


Hemoglobin A\¢, fasting lipids, glucose; 
complete blood cell count, prothrombin time, 
and activated partial thromboplastin time 


Cell count, glucose, protein, IgG index, 
oligoclonal bands 


Transesophageal echocardiography, 
Holter monitoring 


MRI of the brain to evaluate for concurrent stroke, 
and alternative lesions; MRA of the spinal canal to 
evaluate for arteriovenous fistula, arteriovenous 
malformation, or vasculitis 


CT of the chest, abdomen, and pelvis to screen 
for malignancy 


Aquaporin 4-|gG, myelin oligodendrocyte 
glycoprotein (MOG)-IgG; syphilis and Lyme serology; 
hypercoagulable profile; erythrocyte sedimentation 
rate or C-reactive protein; antinuclear antibody, 
extractable nuclear antigen, antineutrophil 
cytoplasmic antibody panel, double-stranded DNA; 
paraneoplastic autoantibody evaluation; urine 
toxicology screen 


Varicella-zoster virus polymerase chain reaction 
(PCR); Venereal Disease Research Laboratory test; 
Lyme serology or PCR; Cryptococcus antigen 


EMG (suspicion of Guillain-Barré syndrome), temporal 
artery biopsy (concern for giant cell arteritis) 


CSF = cerebrospinal fluid; CT = computed tomography; DNA = deoxyribonucleic acid; EMG = electromyography; IgG = immunoglobulin G; 
MRI = magnetic resonance imaging. 
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TABLE 7-3 


Syndrome 


Anterior cord 


Posterior cord 


Hemicord 
(Brown-Séquard 
syndrome) 


Central cord 


Artery involved 


Anterior spinal 
artery (ASA) 


Posterior spinal 
artery (PSA) 


Sulcocommissural 


Border zone of 


examination without confirmatory imaging. Older studies of spinal cord 
infarction have been confounded by the inclusion of traumatic, inflammatory, 
infectious, oncologic, and hemorrhagic lesions. The advent of vessel imaging 
along with MRI of the spine have greatly enhanced diagnostic approaches to 
spinal cord infarction.*° ** 

In the periprocedural setting, the diagnosis of spinal cord infarction can be 
more straightforward given the clinical context. In one series of 75 patients with 
periprocedural spinal cord infarctions, the majority of events occurred in the 
setting of aortic surgery (64%); however, multiple types of surgeries or 
procedures were noted, including cardiac surgery, spinal decompression, 
epidural injection, angiography, nerve block, embolization, and thoracic 
surgery.” Most cases involved motor weakness (66%), which was maximal 
within 12 hours of the surgery (81%, 61 of the 75 patients). MRI findings included 
anterior horn T2 hyperintensity in a characteristic pattern (owl eyes or pencil 
sign) in 70% of patients (FIGURE 7-4). Additional patterns on T2 imaging in this 
study included an axial holo-gray pattern as well as patchy patterns 


Ischemic Spinal Cord Syndromes 


Tracts affected Symptoms and signs 


Corticospinal, 
spinothalamic, 
sympathetic 


Motor: quadriparesis or paraparesis below the lesion, areflexia 
below the lesion in the acute setting, respiratory failure (with 
cervical involvement) 


Sensory: bilateral loss of pain and temperature below the lesion 


Autonomic: urinary retention (atonic bladder), constipation 
(paralytic ileus), absent rectal tone 


Pain: back or radicular pain at the level of the lesion 


Dorsal columns Sensory: bilateral loss of light touch, proprioception, and 


vibration below the lesion 


Corticospinal, 
spinothalamic, 
sympathetic, 
dorsal columns 


Motor: ipsilateral hemiparesis 


Sensory: contralateral loss of pain and temperature two 
dermatomes below the lesion); ipsilateral loss of light touch, 
proprioception, and vibration below the lesion 


Corticospinal, Motor: upper extremity weakness > lower extremity weakness 


ASA and PSA spinothalamic (man-in-the-barrel syndrome) 
Sensory: bilateral loss of pain and temperature only at the level 
of injury (suspended) or bilateral loss below the lesion 
Complete cord Segmental Corticospinal, Motor: quadriparesis or paraparesis, respiratory failure (with 
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spinothalamic, cervical involvement) 
sympathetic, 


dorsal columns Sensory: bilateral loss of pain and temperature below the lesion; 


bilateral loss of light touch, proprioception, and vibration below 
the lesion 


Autonomic: urinary retention (atonic bladder), constipation 
(paralytic ileus), absent rectal tone 
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(anteromedial spot, U- or V-shaped pattern). In 66% of patients, the lesion 
spanned three or more vertebral body segments (a longitudinally 
extensive lesion). 

CT spine imaging is useful as a universal and rapidly available modality to rule 
out surgical processes such as subdural or epidural hematoma or compressive 
fracture. MRI has been increasingly used for further corroborating the clinical 
suspicion of spinal cord infarct. In particular, MRI of the spine with diffusion- 
weighted imaging (DWI) and apparent diffusion coefficient sequences can be 
highly sensitive to acute infarct although there can often be artifacts and 
distortions limiting utility. T2-weighted sequences demonstrate cord 
hyperintensity in the subacute infarction setting. In a single-center study over 
20 years,” 54 of 55 patients with spinal cord infarctions demonstrated 
hyperintensity on the T2-weighted sequence. Of the 55 patients, 14 patients 
underwent additional DWI sequences, with restricted diffusion noted in all 
patients. Cord edema was noted on the T1-weighted sequence in 41% of the 
patients. Slight T1 hyperintensity was noted in 11% of patients, potentially 
attributable to hemorrhagic transformation of the underlying infarct. 
T1-weighted imaging with contrast was performed in 28 patients, and of these 


A Complete loss of 
motor/sensory function 
below the level of injury 


Complete LN 
injury \ | i Complete loss of 
r motor/sensory 
functionbelow 4A 
the levelofinjury © 


Contralateral 
E loss of pain and 
temperature 
sensation 


Loss of motor control 
and sensation 


Area of cord May have ota Loss of motor function, Area of cord Ipsilateral loss 
damage incomplete | pain, and temperature damage of voluntary 
motor/sensory sensation motor control, 
loss vibration 
Sensory, vibration, and sensation, and A 
proprioception are proprioception 
preserved 
FIGURE 7-3 


Spinal cord syndromes. A, Complete spinal cord injury at cervical spine level. B, Complete 
spinal cord injury at lumbar spine level. C, Central cord syndrome. D, Anterior cord 
syndrome. E, Brown-Séquard syndrome. 

L= left; R = right. 

Used with permission from Barrow Neurological Institute, Phoenix, Arizona. 
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40% demonstrated enhancement likely related to disruption of the 
blood-brain barrier. 

MRI evaluation should include images that are T1-weighted, T1-weighted with 
contrast, and T2-weighted as well as DWI with apparent diffusion coefficient 
sequences.” Clinical presentation may determine whether the full spine requires 
imaging assessment or whether a focused study may be adequate. Additional MRI 
imaging sequences, including MRI of the head and angiography, may be supportive 
of the diagnosis. MRI of the brain may be considered to assess for additional 
evidence of an embolic process. Magnetic resonance angiography (MRA) of the 
spine or neck may demonstrate an aortic or vertebral artery dissection that may be 
the cause of the cord infarct. Direct visualization of the artery of Adamkiewicz with 
MRA continues to improve with advances in magnetic resonance technology; 
however, visualization of the artery of Adamkiewicz with CT angiography (CTA) 
and catheter-based angiography remains superior to MRA.” 

To address the gap in formal diagnostics, Zalewski and colleagues”® proposed 
diagnostic criteria based on a series of patients diagnosed with spontaneous spinal 
cord infarction during a 20-year period. Of 133 patients with spontaneous spinal 
cord infarction, a majority reached maximal disability within 12 hours of symptom 
onset whereas a more stuttering, prolonged course was noted in others. MRI of the 
spine was confirmatory in most patients. Additional testing such as CSF analysis 
and serum testing serves to exclude mimics of spinal cord infarction (infectious, 
inflammatory, or metabolic processes).”° In cases of diagnostic uncertainty, 
catheter-based angiography may be pursued to further assess the vasculature for 
vascular malformations, stenosis, or dissections. 


Treatment 

No acute therapeutic interventions have proven beneficial after spinal cord 
infarction; however, many practitioners have advocated for increasing spinal 
cord perfusion with the use of augmented perfusion pressure (ie, induced 
hypertension) and reducing external cord pressure (ie, placement of a lumbar 
drain). The benefit of these measures is likely highest in the early period (less 
than 8 hours). In the event of high-risk procedures such as thoracoabdominal 


FIGURE 7-4 

MRI of the cervical spine. Axial (A) and sagittal (B) T2-weighted images of the cervical spine 
show a spinal cord infarction affecting the right spinothalamic tract (A, asterisk) with a 
characteristic pencil sign (B, arrow). 
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aortic aneurysm repair, some practitioners pursue CSF drainage as a prophylactic 
adjunct before surgery. The potential benefit of CSF drainage must be balanced 
against the possible complications (eg, catheter infection).** 

Although the benefit of blood pressure augmentation for spinal cord ischemia 
remains unproven, permissive hypertension is routine clinical practice (particularly if 
patients do not receive reperfusion therapy such as IV or intraarterial interventions). 
Given the poor outcomes after spinal cord infarction, limited treatment options, and 
relative safety of induced hypertension, it is reasonable to maintain mean arterial 
pressure greater than 90 mm Hg, as with cases of traumatic spinal cord injury.” 

Although IV or intraarterial thrombolysis has become a mainstay of treatment 
for acute ischemic stroke of the cerebral vasculature, it remains poorly studied 
for spinal cord ischemia. Several case reports have now reported on the feasibility 
of both IV” and intraarterial therapies,” but efficacy remains uncertain in the 
absence of larger datasets or randomized controlled trials. Additional supportive 
measures focus on deep vein thrombosis prophylaxis and vigilance for and 
management of pressure ulcers. 


Prognosis 

Outcomes after spinal cord infarction have historically been perceived to be poor. 
However, much of the early natural history was derived from datasets comprising 
a mixture of spinal cord injury types, including nonvascular etiologies. Accurate 
guidance on outcomes is further confounded by small sample sizes and the need to 
adjust for the initial mode of spinal cord infarction (eg, periprocedural versus 
spontaneous) as well as the severity of spinal cord infarction.*°3° Nedeltchev and 
colleagues* reported on a single-center study of 57 patients classified as having 
spinal cord infarction based on clinical findings and MRI confirmation on 
T2-weighted imaging. Etiologies of the spinal cord infarctions were atherosclerosis 
(33.3%), aortic pathology with or without surgery (15.8%), degenerative spine 
disease (15.8%), other (7.1%), and unknown (28%). Baseline clinical severity was 
determined by using the American Spinal Injury Association (ASIA) Impairment 
Scale (AIS) which classifies injury as follows: A (complete: motor, sensory, and 
sacral involvement); B (moderate: motor but not sensory involvement); 

C (incomplete: 50% or fewer muscles have less than grade 3 strength); 

D (incomplete: more than 50% of muscles have more than grade 3 strength); and 
E (normal sensory and motor function).* The following distribution of baseline 
deficits was noted: 30% severe, grade A/B; 28% moderate, grade C; 42% mild, 
grade D. The most severe deficits were in patients with complete spinal cord 
infarction followed by anterior spinal artery syndrome followed by 
Brown-Séquard syndrome followed by posterior spinal artery syndrome.* 

During a median follow-up of 4.5 years, 46% of patients experienced clinical 
improvement. Clinical improvement was highly related to the presenting level of 
deficit: patients with AIS grade A (14%) saw less improvement than patients with 
AIS grades B (50%), C (40%), or D (59%). 

Multiple studies of ischemic and hemorrhagic stroke of the brain have 
demonstrated that social determinants of health, including race, sex, and 
socio-economic status are important modifiers of clinical outcomes and highlight 
the need to address disparities of care.’ Additionally, in an analysis of the 
National Trauma Data Bank, there was a significant delay in early surgery for 
surgical decompression after cervical cord syndrome in Black patients and 
women when adjusting for potential confounders.** The effects of health care 
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@ MRI findings such as 
anterior horn T2 
hyperintensity, known as the 
owl eyes or pencil sign, or 
restricted diffusion on 
diffusion-weighted imaging 
can be highly supportive of a 
spinal cord infarct diagnosis. 
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disparities on outcomes after vascular pathologies of the spine are less well 
studied and should be the subject of future research. 


SPINAL CORD HEMORRHAGE 

Vascular malformations of the spine can manifest clinically as a result of rupture, 
mass effect, or flow phenomena (eg, vascular steal). Hemorrhage may also be 
caused by trauma, instrumentation, neoplasm, or medication effects. Patients 
typically present with head, neck, or back pain. Focal weakness, sensory deficits, 
or autonomic dysfunction may accompany these symptoms, depending on the 
extent and location of the bleeding. CT of the spine can quickly identify 
compressive hemorrhagic lesions requiring emergent surgical decompression. 
MRI of the spine can further delineate the precise location of the hemorrhage, 
identify an underlying mass (ie, tumor or cavernous malformation), and 
highlight hypertrophied vasculature (ie, an engorged draining vein) and 
hypervascular structures (ie, an arteriovenous fistula). Initial testing should also 
include assessment for bleeding diathesis through testing of clotting function and 
platelet count. 


Extramedullary Hemorrhage 
Spinal epidural hematoma and subdural hematoma involve the 
extraparenchymal space and can cause mass effect requiring acute surgical 


Spinal arteriovenous shunts 


AVM AVF 


po 
( 4 un 
> ~ if a 


Concentric Eccentric 


FIGURE 7-5 

Types of spinal vascular anomalies. Kim and Spetzler’s*® 2006 modified classification of 
spinal vascular shunts categorizes lesions as AVMs or AVFs with distinct subtypes based on 
variations in their anatomy, pathophysiology, and management. 

AVF = arteriovenous fistula; AVM = arteriovenous malformation; CM-AVM = conus medullaris AVM; 
DI-AVF = dorsal intradural AVF; ED-AVF = extradural AVF; El-AVM = extradural-intradural AVM; 

Spi-AVM = intramedullary AVM; VI-AVF = ventral intradural AVF. 

Used with permission from Barrow Neurological Institute, Phoenix, Arizona. 
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attention. Spinal epidural hematoma is more common than spinal subdural 
hematoma; however, both can be secondary to trauma, instrumentation 

(spine surgery, epidural catheterization, lumbar puncture), or anticoagulation. 
The age of the blood products can be inferred from imaging; acute blood is 
hyperdense on CT whereas MRI features evolve from the hyperacute phase 
(less than 1 day; T1-weighted: isointense; T2-weighted: hyperintense), acute 

(1 to 3 days; T1-weighted: isointense; T2-weighted: hypointense), early subacute 
(3 to 7 days; T1-weighted: hyperintense; T2-weighted: hypointense), late subacute 
(7-28 days; T1-weighted: hyperintense; T2-weighted: hyperintense) and chronic 
(T1-weighted: hypointense; T2-weighted: hypointense) phases. Layering of blood 
products suggests an anticoagulation-related hemorrhage. Enhancement is not 
typically expected and would suggest an underlying neoplasm or an abscess. Spinal 
angiography may be indicated as epidural hematoma can occur secondary to a 
ruptured epidural arteriovenous fistula because the radicular artery may rupture 
as it passes through the dura mater and transitions into the pial artery.** 

Spinal subarachnoid hemorrhage (SAH) presents with severe stabbing neck or 
back pain and, much like intracranial SAH, is associated with headache and 
meningismus. It is rare and accounts for 1% of SAH; however, it can be 
complicated by vasospasm and hyponatremia. *” The differential diagnosis is 
broad and, in addition to anticoagulation, includes underlying vascular 
pathologies such as aneurysm, arteriovenous malformation (AVM), or dural 
arteriovenous fistula (AVF) (FIGURE 7-5*°). Spinal angiography is indicated to 
exclude these lesions, which may require surgical intervention. An illustration of 
this scenario is provided in CASE 7-2. MRI can indicate these possibilities and may 
additionally identify a possible cause such as a cavernous malformation. 
Intramedullary rupture or hematomyelia is most often a result of trauma, but the 
possibility of cavernous malformation and AVM should be considered and 
addressed to prevent rebleeding.*” 


Spinal Vascular Malformations 

Spinal vascular malformations are pathological structures that may be found 
incidentally or present with neurological deficits depending on their location 
(paraspinal, epidural, dural, perimedullary, intramedullary, filum terminale or 
craniocervical junction), severity, and type of malformation. Lesions without 
shunting include cavernous malformations and capillary telangiectasias. Several 
classification systems have been proposed to identify the shunting lesions of the 
spine.’®4° AVMs include extradural-intradural AVMs (type III [juvenile or 
metameric], typically in children with genetic syndromes), conus medullaris 
AVMs (located in the conus or cauda equina with direct shunts from the anterior 
spinal artery, posterior spinal artery, or radicular arteries with a nidus in the pia) 
and glomus or intramedullary AVMs (type II, most analogous to intracranial 
AVMs). AVFs include extradural arteriovenous fistulas (type V) and intradural 
arteriovenous fistulas. Intradural arteriovenous fistulas can be ventral (type IV 
[pial AVF]) or dorsal in location (type I) (FIGURE 7-5). 


CAVERNOUS MALFORMATIONS. Cavernous malformations are clusters of dilated 
sinusoidal veins with no intervening parenchyma. There is no associated feeding 
artery or draining vein so they are lower-flow lesions compared with AVMs or 
dural AVFs but can bleed because of their weak structural integrity. Most are 
idiopathic in origin; however, there can be a family history in 10% to 12% of 
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@ Care after a spinal cord 
infarction should include the 
prevention of complications 
related to immobility, such 
as deep vein thrombosis 
prophylaxis and prevention 
of pressure ulcers. 


@ Recovery after a spinal 
cord infarction is more 
favorable in patients with 
spontaneous infarction and 
less severe injury on 
presentation. 


@ Spontaneous hemorrhage 
of the spine should prompt a 
thorough evaluation for a 
responsible vascular lesion, 
including a catheter-based 
spinal angiography. 


@ Spinal arteriovenous 
malformations are rare 
vascular anomalies that may 
manifest with hemorrhage 
and require early treatment 
to prevent rerupture. 
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patients, which can be as high as 50% in patients with multiple cavernous 
malformations. Prior radiation may be involved in the formation of some 
cavernous malformations. The prevalence is low (0.5%) overall and even 

less so in the spine compared with the brain. They can be discovered 
incidentally or manifest with mass effect or hemorrhage. MRI of the spine 
identifies the characteristic popcorn appearance of these lesions on T1- and 
T2-weighted images because of their heterogenous, lobular morphology. Blood 
products of varying age lead to heterogeneous T1 and T2 signal with a rim of T2 
hypodensity related to chronic blood products (hemosiderin).**** 

Progressive symptoms may indicate mass effect secondary to venous 
congestion whereas sudden pain (sometimes associated with strenuous activity) 
along with weakness and numbness may indicate rupture (1% to 5% risk per 
year). The risk of bleeding is higher in lesions that have previously bled or are 
larger in size (greater than 1 cm). Surgical resection should be considered to 
prevent rebleeding. Lesions on the posterior cord near the pial surface are 
surgically more approachable. Incidental lesions or lesions with minimal 
symptoms are typically managed conservatively.” 


INTRAMEDULLARY SPINAL ARTERIOVENOUS MALFORMATIONS. Intramedullary spinal 
AVMs are rare vascular abnormalities; however, they account for 30% of spinal 
arteriovenous shunts. In one study of the Japanese population, the crude 
incidence rate for spinal AVMs is 0.177 per 100,000 person-years over a 10-year 


A 78-year-old woman presented with sudden onset of right-sided 
scapular pain with extension into her neck, followed by right-sided 
weakness. Her medical history included hypothyroidism and 
hyperlipidemia. On examination, lower extremity motor function was 
notable for the following distribution of weakness: hip flexion (right 2/5, 
left 5/5), knee extension (right 2/5, left 5/5), dorsiflexion (right 0/5, left 
5/5), extensor hallucis (right 0/5, left 5/5), and plantar flexion (right 0/5, 
left 5/5). MRI of the spine demonstrated an epidural mass located in the 
dorsal right aspect of the central canal, extending from the level of C3 to 
C7, with isointensity on T1-weighted images (FIGURE 7-6A and 7-6B) and 
hyperintensity on T2-weighted images (FIGURE 7-6C and 7-6D) consistent 
with acute blood. Emergent surgical decompression was performed, with 
hematoma evacuation. There was marked postoperative improvement of 
the right-sided weakness, with antigravity improvement in her right arm 
and leg. Catheter-based spinal angiography demonstrated no underlying 
vascular anomaly. A hematology workup revealed no underlying 
coagulopathy. 
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This case of spontaneous cervical epidural hematoma illustrates that 
emergent spinal imaging followed by surgical decompression is critical to 
minimizing long-term disability. Workup for secondary causes is warranted; 
however, an underlying mechanism may not always be identified. 
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period.” These lesions tend to be more common in the pediatric population and 
younger adults (aged 15 to 40 years). The shunt consists of a direct connection 
between feeding arteries and veins, without an intervening capillary network. As 
high-flow arterial pressure is delivered directly to the low-pressure venous 
system, venous hypertension develops, with resultant hemorrhage or steal 
phenomena at which point these lesions typically come to medical attention. 

In one single-center study of 44 consecutive patients with spinal AVMs 
presenting over a 13-year period, 57% of the patients presented with 
hemorrhage, and 36% of the patients presented with myelopathy, whereas AVMs in 
7% of the patients were incidental.“ Fistulous AVMs (ie, superficial location with 
rare intramedullary compartments, also known as perimedullary arteriovenous 
fistulas) were more likely to present with myelopathy and in older patients, whereas 
nidus AVMs (eg, nidus located in the spinal cord parenchyma) were more likely to 
present with hemorrhage and in younger patients. Hemorrhage is more often 
parenchymal (ie, hematomyelia) than subarachnoid. 

Based on the presentation and location of the lesion, surgical resection, 
endovascular embolization, or radiation may be indicated. Treatment may be 
challenging; the goals are to achieve resection or embolization of the fistulous site 
without causing off-target secondary cord ischemia. The annual risk of rupture 
before treatment is 4%, but that risk increases to 10% in patients with prior AVM 
ruptures. The risk of rerupture after complete obliteration is rare and is only 3% 
for partial obliteration.*” 


FIGURE 7-6 

Imaging from the patient in case 7-2. Epidural hematoma located in the dorsal right aspect of 
the spinal canal, extending from the level of C3 to C7, with iso-intensity on T1-weighted 
sagittal (A, arrow) and axial (B, asterisk) MRI and hyperintensity on T2-weighted axial 

(C, asterisk) and sagittal (D, arrow) MRI. 


CONTINUUMJOURNAL.COM 


VASCULAR MYELOPATHIES 


CASE 7-3 


SPINAL DURAL ARTERIOVENOUS FISTULAS. Intradural dorsal arteriovenous 
malformations or spinal dural AVFs are the most common spinal vascular 
malformations and account for 70% of all vascular malformations. Nonetheless, 
they are quite rare and are estimated to occur in 5 to 10 people per million per year 
in the general population. The true frequency is difficult to ascertain because these 
lesions are underdiagnosed. They are 5 times more likely to occur in men than 
women, and the mean age of presentation is 55 to 60 years. Most lesions are solitary 
and occur in the thoracolumbar region, with more than 80% occurring between T6 
and L2. However, lesions can occur at any level along the cervical cord, including 
the craniocervical junction (C1 through C2) as well as the subaxial cervical region 
(C3 through C8).4®4 Most lesions are likely spontaneous in origin, although 
iatrogenic mechanisms (eg, laminectomy, interbody fusion, diskectomy) as well as 
genetic diseases, such as Parkes Weber syndrome, Cobb syndrome, and hereditary 
hemorrhagic telangiectasia, have been implicated. 

Although spinal AVMs are fed by arteries that normally supply the neural 
tissue, spinal dural AVFs are fed by radiculomeningeal arteries, similar to 


A 68-year-old woman presented with suprapubic pain and difficulty with 
urination for a month, followed by back pain and bilateral leg weakness. 
Her medical history included hyperlipidemia and hypertension. Motor 
examination of her lower extremities was notable for the following 
distribution of weakness: hip flexion (right 5/5, left 0/5), knee extension 
(right 1/5, left 0/5), dorsiflexion (right 4-/5, left 3/5), extensor hallucis 
(right 4-/5, left 3/5), and plantar flexion (right 4-/5, left 3/5). Sensation to 
pinprick testing was decreased through the left lower extremity and 
throughout the right lower extremity. A digital rectal examination 
revealed absent anal tone, and urinary retention was noted. MRI of the 
spine demonstrated hyperintensity extending from the thoracic level (T7) 
to the conus medullaris (FiGURE 7-7A) on T2-weighted images, with 
prominent tortuous veins within the thecal sac. Catheter-based spinal 
angiography demonstrated a spinal dural arteriovenous fistula supplied 
by transdural feeders from the level of right T10 (FIGURE 7-78), which was 
better visualized from a microcatheter injection (FIGURE 7-7C). 
Embolization was performed with an infusion of 
N-butyl-2-cyanoacrylate liquid embolic agent. A repeat angiography 
demonstrated a glue cast (FIGURE 7-7D) and obliteration of the fistula 
(FIGURE 7-7E). The patient was discharged a week later to intensive 
rehabilitation. At 3 months, she was able to ambulate without assistance, 
but she still experienced intermittent incontinence. 
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This case of asymptomatic spinal dural arteriovenous fistula demonstrates 
that MRI spine imaging can raise concerns for this diagnosis, which can be 
confirmed and treated via catheter-based spinal angiography. 
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meningeal arteries. The shunt resides in the dura mater close to the spinal nerve 
root. Shunting leads to the transmission of arterial pressure to the venous plexus 
via perimedullary veins and subsequent arterialization of the draining veins. As 
the arteriovenous pressure gradient diminishes, there is decreased outflow of 
normal veins with resultant venous congestion and intramedullary edema 
because the intramedullary veins and the radicular veins share a common venous 
outflow. Congestion over time leads to edema and progressive myelopathy, with 
subsequent decreased arterial perfusion and chronic hypoxia. These mechanisms 
culminate with spinal cord ischemia and myelopathy. 

Spinal dural AVFs may manifest clinically as low back pain and paresthesia. 
Gait instability may gradually develop with some patients describing worsening 
symptoms with activity likely related to increased arterial pressure. As the 
thoracic region has relatively fewer venous outflow channels relative to the 
cervical region, congestive edema develops in a caudal to cranial direction with 
symptoms reflecting conus medullaris dysfunction, although the shunt itself may 
be located higher up the spine. Bowel, bladder, and sexual dysfunction are 


FIGURE 7-7 

Imaging from the patient in case 7-3. A, Hyperintensity extending from the thoracic level (T7) 
to the conus medullaris (arrows) on T2-weighted sagittal MRI with prominent tortuous veins 
within the thecal sac (asterisk). B, Angiogram of the spinal dural arteriovenous fistula 
supplied by transdural feeders from the level of right T10 (arrow). C, Angiogram of the spinal 
dural arteriovenous fistula better visualized from a microcatheter injection (arterial feeder 
[red asterisk], fistula [purple asterisk], venous drainage [blue asterisk]). D, Angiogram 
showing glue cast (white asterisk) from embolization. E, Angiogram showing obliteration of 
the fistula (arrow). 
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KEY POINTS 


@ Cavernous malformations 
of the spine may be 
incidental or minimally 
symptomatic. When 
associated with clinical 
deficits, they may require 
resection to prevent repeat 
hemorrhaging or alleviate 
mass effect. 


@ Spinal dural arteriovenous 
fistulas are the most 
common type of spinal 
vascular anomaly, 
accounting for 70% of 
vascular lesions. 


@ Spinal dural arteriovenous 
fistulas typically manifest 
with signs of myelopathy 
and cord edema progressing 
over weeks to months or 
even years before a 
diagnosis is made. 
Progression or worsening of 
symptoms after a course of 
corticosteroids from a 
presumed inflammatory 
myelopathy should prompt 
catheter-based angiography 
to assess for an underlying 
spinal dural arteriovenous 
fistula. 


@ Given the variable 
vascular supply to the spinal 
cord, comprehensive 
catheter-based angiography 
to evaluate for a vascular 
lesion should include 
interrogation of all potential 
supplying vessels, including 
the vertebral arteries, 
subclavian artery branches, 
aortic arch branches, and 
iliac arteries. 
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typically noted late in the course. Hemorrhage is rare, although cranial SAH may 
be encountered if there is a craniocervical junction spinal dural AVF at the level 
of the foramen magnum with reflux toward the brain?" 

The diagnosis of spinal dural AVFs is typically suggested by findings on 
MRI of the spine demonstrating cord edema with associated perimedullary flow 
voids.** MRA of the spine with contrast can point to the shunt location and 
guide confirmatory testing with selective spinal angiography. The diagnosis 
may be delayed because the clinical presentation is nonspecific, and a 
considerable number of patients are incorrectly diagnosed as having peripheral 
neuropathy or alternative causes of myelopathy.” Worsening symptoms after 
corticosteroid therapy are highly suggestive of an underlying spinal dural 
arteriovenous fistula and should prompt immediate evaluation.”* 
Comprehensive catheter spinal angiography is necessary to identify a potential 
underlying dural arteriovenous fistula, given the variability in vascular supply 
to the spinal cord. The angiographic findings of a spinal dural AVF may be 
difficult to discern from other types of shunting lesions such as radicular AVMs, 
epidural dural AVFs, or perimedullary AVFs.*°°#> 

Treatment of these lesions is essential to preventing the progression of 
the myelopathic process and aims to occlude the shunting zone. Treatment 
options include open surgical repair with ligation of the draining vein or 
endovascular introduction of a liquid embolic agent through a feeding artery into 
the fistula and draining vein. Prognosis after treatment depends on the 
duration of the initial symptoms because obliteration of the shunt may 
halt progression, but regression of existing symptoms may not occur in all 
instances. Further deterioration after treatment may suggest recurrence of the 
fistula and warrants repeat investigation.°°” An illustrative example is provided 
in CASE 7-3. 


CONCLUSION 

Vascular pathologies of the spine are much less frequent than those of the 
brain and consequently are less well understood, are comparatively 
underrecognized, and have limited treatment options. Recent advances in 
imaging have led to improvements in the diagnosis of ischemic and 
hemorrhagic spinal cord lesions. Identifying formal diagnostic criteria for 
spinal cord infarction is an important step in better delineating the etiologies 
and mechanisms of ischemia as well as defining recovery trajectories and 
guiding prognosis. A better understanding of the natural history across larger 
datasets will serve as a foundation against which therapeutic interventions can 
be rigorously applied and measured. These gaps highlight the need for 
organized, prospective, multicenter registries, which have been pursued for 
decades for acute ischemic stroke of the brain. 

Hemorrhagic spinal lesions are rare and can be highly complex. Diagnoses 
may be delayed because the presentation can be varied. MRI has improved spatial 
understanding of the location and extent of blood products in the setting of 
hemorrhage. Visualization of cavernous malformations and their association 
with normal structures can help guide surgical resection. Spinal angiography 
remains the recommended approach for defining both the spatial and dynamic 
nature of most vascular lesions and should be considered in the evaluation of 
hemorrhagic and ischemic disorders of the spine. 
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Immune-Mediated 
Myelopathies 


By Michael Levy, MD, PhD, FAAN 


ABSTRACT 

OBJECTIVE: Immune-mediated myelopathies are conditions in which the 
immune system attacks the spinal cord. This article describes the 
distinguishing characteristics of immune-mediated myelopathies and 
treatment strategies for patients affected by these disorders. 


LATEST DEVELOPMENTS: New biomarkers, such as aquaporin 4 and myelin 
oligodendrocyte glycoprotein antibodies, in the blood and spinal fluid 
have led to the identification of antigen-specific immune-mediated 

myelopathies and approved therapies to prevent disease progression. 


ESSENTIAL POINTS: The first step in the diagnosis of an immune-mediated 
myelopathy is confirming that the immune system is the cause of the attack 
by excluding non-immune-mediated causes. The second step is to narrow 
the differential diagnosis based on objective biomarkers such as serology 
and MRI patterns. The third step is to treat the specific immune-mediated 
myelopathy by using evidence-based medicine. 


INTRODUCTION 

Immune-mediated myelopathies are conditions in which spinal cord dysfunction 
results from damage caused by the immune system. The scope of this article is 
limited to immune-mediated conditions outside of the context of an infection, 
including multiple sclerosis (MS), antigen-specific autoimmune diseases, 
inflammatory myelitis, neurosarcoidosis, and paraneoplastic diseases. Infections 
in the spinal cord and the damage that occurs as a result of the infection plus 
the immune response are included in the article “Infectious Myelopathies” by 
Anita M. Fletcher, MD, and Shamik Bhattacharyya, MD, FAAN, in this issue 
of Continuum. Immune-mediated myelopathies are often included in the 
differential diagnosis of other disorders of the spinal cord, particularly those 
included in the article “Vascular Myelopathies” by Ashutosh P. Jadhav, MD, 
PhD, FAAN, and a detailed algorithm for diagnosing spinal cord disorders can 
be found in the article “Clinical Approach to Myelopathy Diagnosis” by Carlos A. 
Pardo, MD,’ both of which can also be found in this issue of Continuum. CASE 8-1 
is an example of a typical case of an immune-mediated myelopathy. 


GENERAL PRINCIPLES OF IMMUNE-MEDIATED MYELOPATHIES 

The immune system can lead to nervous system dysfunction in two ways. First, 
the inflammatory process can disrupt the function of white matter tracts and 
neuronal activity. Even when the tracts remain anatomically intact and 
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myelinated, saltatory conduction may be impaired because of changes in the 
surrounding electrolyte balance, and synaptic transmission may be disrupted by 
cytokines and antibodies. Second, inflammation can cause anatomic damage in 
the spinal cord, ranging from demyelination to necrosis. In the first mechanism, 
reversal of inflammation typically leads to rapid recovery of function whereas 
when anatomic damage occurs recovery is delayed by a longer remyelinating 
process.* 

The immune-mediated myelopathies discussed in the article share many 
features and can be difficult to distinguish without a thorough workup. In many 
cases, the diagnosis is easier to make in retrospect because clues emerge from 
both the acute attack and the recovery period. Clinical equipoise and empiric 
treatment based on clinical judgment are common principles in the workup and 
treatment of immune-mediated myelopathies in the real world. 


A 46-year-old woman from Haiti with a history of Sjögren syndrome CASE 8-1 
presented to the emergency department with sudden neck pain, 
followed by arm and leg weakness over 24 hours. While in the emergency 
department, she developed urinary retention requiring catheterization. 
Her Sjögren syndrome history included dry eyes and a previous episode 
of vision loss in her right eye that was ascribed to Sjögren optic neuritis. 
She had been using hydroxychloroquine and occasionally corticosteroids 
for flares of her Sjögren syndrome. 

Her physical examination revealed a normal mental status. Her cranial 
nerves were intact except for 20/200 visual acuity covering most of her 
visual field in her right eye. She had 3/5 strength in her arms and 2/5 
strength from her hips to her toes in both legs. Reflexes were reduced in 
her arms, absent in her legs, and mute in her toes. Sensation was 
markedly reduced to light touch in her legs with a sensory level at C5. She 
was unable to ambulate. 

MRI of her spinal cord showed a longitudinally extensive lesion from C1 
to C5 with avid contrast enhancement at C2 and C3. Serologies were sent 
for antinuclear antibodies (she was previously positive for Sjogren 
syndrome antigens A and B), anti-aquaporin 4 (AQP4) antibodies, 
anti-myelin oligodendrocyte glycoprotein (MOG) antibodies, and 
anticardiolipin antibodies. Spinal fluid identified the presence of 120 
white blood cells/mm*, 99% of which were lymphocytes, mildly elevated 
protein and glucose, and negative Gram stain for bacteria. 


This case highlights a typical presentation of an immune-mediated COMMENT 
myelopathy. Evidence of inflammation in the spinal cord was confirmed by 

both spinal fluid analysis and MRI. While awaiting serology results, she was 

appropriately started on treatment with high-dose corticosteroids. After 

her AQP4 antibody returned positive, she was diagnosed with 

neuromyelitis optica spectrum disorder and escalated to therapy with 

plasma exchange. 
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COMMON FEATURES OF IMMUNE-MEDIATED MYELOPATHIES 

The clues that neurologists rely on in the workup of immune-mediated 
myelopathies are broadly categorized into a history of present illness, including 
the time course, CSF analysis, MRI, and serology. Although spinal fluid analysis is 
not always readily available, MRI with contrast and serology are vital parts of the 
workup for immune-mediated myelopathy and should always be included in the 
workup if possible. 

When the immune system causes spinal cord inflammation, it can be acute and 
severe, such as the attacks associated with neuromyelitis optica spectrum disorder 
(NMOSD). These attacks can progress rapidly to a nadir of complete paralysis 
within a few hours. More commonly, immune-mediated attacks of the spinal cord 
tend to occur over hours to days. In 2002, the Transverse Myelitis Consortium 
Working Group” defined the time course of idiopathic inflammatory myelitis as at 
least 4 hours but not more than 21 days to nadir. The 4-hour time minimum is 
intended to exclude vascular myelopathies, which can take minutes in arterial 
strokes to hours for venous strokes. The 21-day limit was intended to distinguish 
subacute and chronic conditions such as arteriovenous malformations, which can 
evolve over months. Paraneoplastic diseases also typically present in a subacute to 
chronic time course. The time from onset to nadir is included as a major clue in 
each section below to help organize the differential diagnoses. 

Other important features of immune-mediated myelopathies that should be 
captured in the history of present illness are immune triggers, co-occurring 
autoimmunity or cancer, and family history. Triggers commonly include infections 
and vaccines. These triggers are not yet known to be specific to a particular vaccine 
or infection or a particular central nervous system (CNS) antigen. In contrast, 
molecular mimicry has been shown to be the mechanism responsible for acute 
peripheral nerve demyelination in Guillain Barre syndrome following infection with 
Campylobacter, for example.° Thus, there may be an element of molecular mimicry 
to many different antigens that all lead to a common downstream clinical 
presentation of myelopathy. Another explanation is that the immune triggers may 
be nonspecific stimulants to a broader immune response whereby the rogue element 
that attacks the spinal cord is given a boost sufficient to induce a clinical attack. This 
latter explanation is supported by the wide number of immune triggers that have 
been associated with immune-mediated myelopathies.’ 

Co-occurring autoimmunity is a clue that a patient may be predisposed to an 
immune-mediated myelopathy. A good example is a patient with known 
systemic lupus erythematosus who presents with an acute myelopathic 
syndrome. Systemic lupus erythematosus has significant overlap with NMOSD, 
and patients with this disorder commonly test positive after a transverse myelitis 
attack for the aquaporin 4 (AQP4) antibody associated with NMOSD.®? Sjogren 
syndrome is also tied to NMOSD and inflammatory myelitis.“°* A history of N- 
methyl-D-aspartate (NMDA) receptor encephalitis is associated with a higher 
risk of NMOSD and myelin oligodendrocyte glycoprotein (MOG) antibody 
disease.” Sarcoidosis in the lungs is strongly linked to neurosarcoidosis in the 
brain and spinal cord.” Even without a link, co-occurring autoimmunity raises 
the level of suspicion that a myelopathy may be autoimmune. Similarly, a known 
history of cancer, especially small cell lung cancer, breast cancer, and thymomas, 
should prompt consideration of paraneoplastic conditions."* 

Family history may be useful in specific scenarios. MS has more than 200 
known genetic factors.” If one identical twin has MS, the other twin has an 
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approximately 30% risk of also developing the same disorder.*® Mothers with 
MS transmit an approximately 5% risk of developing MS to their children, and 
fathers pass down an approximately 3% risk.” MS presents with a myelitis 
attack in approximately 62% to 80% of cases; 80% of people with MS have a visible 
lesion in their spinal cord at diagnosis.” In 2018, a familial form of idiopathic 
inflammatory myelitis was described as related to variants in the family of genes 
that control vesicle and exosome handling.*° There are a few patient families with 
NMOSD™ but as yet no reports of hereditary MOG antibody disease. 

The blood-brain barrier (and blood-spine barrier) maintains an 
immune-privileged zone in the CNS. Typically, only select immune cells are 
permitted to traffic in and out; these include monocytes and T cells. No more 
than 5 white blood cells/mm? of CSF is expected in healthy lumbar puncture 
samples. More than 5 white blood cells/mm} indicates that a pathologic process is 
occurring or has recently occurred. In some nonimmune myelopathies, including 
trauma and vascular myelopathy, a mild pleocytosis (>5 white blood cells/mm?) 
has been observed.** 4 Myelopathies with more than 100 white blood cells/mm? 
must be considered to have an immune-mediated or infectious etiology until 
proven otherwise.” Immune cell counts and other CSF characteristics are useful 
clues in distinguishing among the causes of immune-mediated myelopathies 
described in more detail in the individual sections that follow. 

MRI can be useful in distinguishing immune-mediated myelopathies from 
other etiologies. Immune-mediated lesions in the spinal cord are expected to 
enhance with gadolinium during the acute phase of an attack. In 
immune-mediated myelopathies, enhancement on MRI indicates that the lesion 
is actively inflamed, which is an important treatment consideration. 
Nonenhancing lesions can also be immune mediated, especially early or late in 
the course of an attack and when associated with pleocytosis on CSF analysis.”° 
The length and location of a lesion within the spinal cord provide additional 
clues. For example, short lesions, which also tend to localize to white matter 
tracts, are characteristically seen in MS. Long lesions are generally observed in 
NMOSD and vascular myelopathies.*” Vascular myelopathies may localize by 
vascular territory: a lesion covering the anterior two-thirds of the spinal cord is 
consistent with a stroke of the anterior spinal artery.** Neurosarcoidosis lesions 
usually appear nodular on MRI and maintain a border with the meninges, 
occasionally demonstrating the trident sign.”* 

Finally, positive serologies can be useful in diagnosis. The specificity of a 
positive serum AQP4 antibody test is nearly 100% if performed with a cell-based 
assay. The high specificity of this test allows any immune-mediated myelopathy 
case, regardless of the clinical history; lesion length, location, or enhancement 
pattern on MRI; or spinal fluid characteristics, to be considered for a diagnosis of 
NMOSD. There is a very high bar for excluding NMOSD in the context of a 
positive AQP4 antibody test.” The MOG antibody cell-based assay is highly 
specific when the titer is greater than 1:100; lower titers may be associated with 
false positives, particularly in the context of MS°* Other useful serologic 
markers are described in more detail in the later sections. 


MULTIPLE SCLEROSIS 

A typical presentation of an MS attack in the spinal cord is a week of numbness or 
heaviness in one leg. Most people with MS who develop these symptoms already 
have a diagnosis of MS, and the presumption is that the symptoms are the result 
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of a new immune-mediated myelopathy.”* Red flags in the history include a 
severe presentation such as paralysis or a rapid progression occurring over hours. 
Fever and other systemic symptoms may indicate the symptoms may be caused 
by an older lesion rather than a new attack.** Such presentations, referred to as 
pseudorelapses, are stereotypical and can be familiar to the patient. Neurologic 
symptoms during pseudorelapses are thought to be caused by the loss of 
compensation or reduced neurologic reserve and should resolve with the 
treatment of the underlying systemic problem.* 

The workup of a myelopathy in a person with established MS would not 
necessarily require imaging or testing unless there is some uncertainty about the 
MS diagnosis or if the symptoms are particularly severe or fluctuating. On MRI, a 
lesion in a person with MS is usually small (around 1 cm), focal, and localized to 
the white matter tracts such as the posterior columns of the spinal cord.*” 
Enhancement of the lesion indicates that the attack is recent.” If the MRI is not 
consistent with an MS attack, further workup may be indicated. 

Approximately 50% of cases of acute inflammatory myelitis are caused by 
MS.** In these cases, the workup commonly shows a small, focal lesion in the 
spinal cord in the context of typical ovoid periventricular lesions in the brain. 
CSF is positive for oligoclonal bands in more than 87% of cases,” and serology for 
AQP4 and MOG antibodies should be negative. Because spinal cord lesions 
contribute to much of the disability over the lifetime of a person with MS, 
aggressive disease-modifying treatment has been advocated for these patients.3° 

There is no consensus on the need for treatment of an acute MS attack in the 
spinal cord. Data from long-term observational studies in MS suggest that 
patients with attacks in the CNS may recover faster with corticosteroid 
treatment; however, in the long term, there may be little to no benefit from 
corticosteroids.*” It is not clear if these data can be extrapolated to lesions in the 
spinal cord. Studies show a long-term benefit to acute treatment of MS attacks in 
the spinal cord starting with corticosteroids and, when needed, escalating to 
plasma exchange.” Generally, severe attacks are treated whereas mild attacks 
can be observed depending on the individual presentation. 


NEUROMYELITIS OPTICA SPECTRUM DISORDER 
NMOSD is a rare autoimmune disease in which the immune system targets the 
AQP4 water channel. Although this channel is present throughout the body, the 
immune attacks occur only in the CNS, primarily in the optic nerves and spinal 
cord. Accepted clinical criteria for the diagnosis of NMOSD in the presence of a 
positive AQP4 antibody test requires only a single attack of the spinal cord, optic 
nerve, or brainstem.*? The typical presentation of an NMOSD attack of the spinal 
cord is clinically severe because of the associated necrotic inflammation. NUOSD 
in the spinal cord presents with severe weakness or paralysis of limbs, loss of 
sensation, and loss of bowel and bladder control. Because the lesions are large, 
most patients present with both weakness and numbness in multiple limbs. 
Progression over 4 to 48 hours is common, but evolution can occur over 2 to 
4 weeks because myelopathies may not be recognized early by patients and their 
doctors. The earlier an NMOSD attack of the spinal cord is diagnosed and treated, 
the better the outcomes are for the patient.*°°** 

The damage caused by NMOSD rarely heals completely, and most patients are 
left with residual symptoms. These include persistent weakness and sensory 
dysfunction but also neuropathic pain and spasticity. Fluctuation in some or all 
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these symptoms is very common in NMOSD and can sometimes feel like a 
relapse to the patient because of the intensity.** In these situations, MRI is useful 
to exclude inflammation (seen as contrast enhancement on MRI). 

Lesions in NMOSD are usually not subtle on MRI. They are typically 
longitudinally extensive, defined as spanning at least 3 vertebral segments, as 
shown in CASE 8-1 and FIGURE 8-1. Axially, lesions are large and extend across 
white and gray matter, often involving both sides of the spinal cord at several 
levels. In the acute stage, these lesions are expected to enhance although the 
extent of enhancement is usually shorter than the T2-hyperintense lesion. Even 
after treatment, NMOSD lesions remain visible as a T2-hyperintense scar on MRI 
for many years. T2-hyperintense lesions associated with T1 hypointensities and 
atrophy indicate permanent damage to the spinal cord.** 

Spinal fluid analysis is not usually required in the workup for NMOSD because 
a longitudinally extensive NMOSD lesion and a positive AQP4 antibody are 
sufficient to make the diagnosis. In cases in which spinal fluid has been analyzed, 
acute attacks show significant pleocytosis with greater than 50 white blood cells/ 
mmê, which are predominantly lymphocytes but also granulocytes including 
eosinophils.” The high number of immune cells often prompts a workup for 
infectious diseases, which may be useful but should not delay treatment for 
NMOSD. Oligoclonal bands are rare in NMOSD; however, one study detected a 
single monoclonal band unique to CSF in 18% of patients with NMOSD.*° AQP4 
antibody testing is not routinely done with spinal fluid because the serum titer is 
usually 250 to 400 times higher and the number of mismatches between spinal 
fluid and serum is low.*° 

The specificity of the cell-based AQP4 antibody test is nearly 100%.*? That 
means that any person who tests positive must be considered for a diagnosis of 
NMOSD. Rare cases in which a false-positive AQP4 antibody test has been 
reported are mostly related to low titers with enzyme-linked immunosorbent 


FIGURE 8-1 

Longitudinally extensive myelitis. A, Sagittal T2-weighted spine MRI shows a longitudinal 
cord hyperintensity (arrows) from C1 to C5. B, Sagittal precontrast T1-weighted MRI shows a 
T1 hypointense region (arrows) in the same area. C, Sagittal postcontrast Ti-weighted MRI 
shows an avid area of enhancement (arrows) at C2 and C3. 
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assay (ELISA).*” Some cases of double-positive AQP4 and MOG have been 
reported as well.*® Antibody titers in the cell-based assay do not predict the 
prognosis of the disease course.*? Because NMOSD is lifelong, once a person tests 
positive and a diagnosis is confirmed, repeat testing is not necessary. 

All NMOSD attacks should be treated without exception. An untreated attack 
will typically lead to permanent neurologic disability.*° The treatment should 
begin with high-dose corticosteroids for 3 to 5 days, and in most cases, 
therapeutic plasma exchange is indicated and helpful particularly when no 
clinical benefit is achieved with corticosteroid alone.’ Other treatments such as 
IV immunoglobulin (IVIg) and cyclophosphamide have shown benefit in small 
studies.*”** Despite prompt and appropriate treatment, most NMOSD attacks in 
the spinal cord leave residual damage, and persistent deficits are common. 
During the recovery process, neuropathic pain occurs in more than 60% of 
patients and can severely limit rehabilitation.” Neuropathic pain usually requires 
combined medical and nonmedical treatment approaches that serve to reduce, 
but not eliminate, the pain, which may subside over time.” Similarly, muscle 
spasms in previously weakened muscles are common during recovery. 
Treatment with muscle relaxants may help but can exacerbate weakness. 

Given poor outcomes after NMO attacks, preventive treatment is key to 
improving long-term outcomes. All AQP4 antibody-positive patients with 
NMOSD should be on preventive medications to avoid future attacks. Although 
relapses may still occur on preventive therapy, immunosuppressive medications 
can reduce the severity of breakthrough attacks.” Three preventive therapies for 
NMOSD are US Food and Drug Administration (FDA) approved: eculizumab, 
satralizumab, and inebilizumab. 

Eculizumab is a terminal C5 complement inhibitor that was shown to reduce 
the risk of relapse by 94% over background immunosuppressive therapy for 
AQP4 antibody-seropositive patients with NMOSD* It is infused intravenously 
every 2 weeks and causes very few side effects other than headache and occasional 
upper respiratory infection. However, inhibiting complement increases the risk of 
infection with encapsulated organisms, specifically Neisseria meningitidis. In 
addition to vaccination against Neisseria, prophylactic antibiotics may be required. 

Satralizumab is an interleukin-6 receptor blocker that was shown to reduce the 
risk of relapse in AQP4 antibody-seropositive patients with NMOSD by 79%.” It 
is not approved for the treatment of seronegative NMOSD because of a lack of 
demonstrated efficacy. The drug is injected subcutaneously once per month and 
has very few side effects except for injection site reaction and occasional 
laboratory abnormalities, including neutropenia and elevated lipids in 
approximately 10% of patients. 

Inebilizumab is a CD19 monoclonal antibody that depletes B cells along with 
plasmablasts and some short-lived plasma cells. It was shown to reduce the risk of 
relapse by 77% in AQP4 antibody-seropositive patients.’ It is not approved for 
the treatment of seronegative NMOSD because of insufficient data in that 
population. The drug is infused intravenously every 6 months and is very well 
tolerated compared with rituximab. Before the approval of inebilizumab, 
rituximab was widely used off-label because it was first suggested to be beneficial 
in observational case series.’ In Japan, a trial of rituximab (the RIN-1 study) 
demonstrated that 1000 mg of rituximab 2 times a year and low-dose 
corticosteroids was superior to low-dose corticosteroids alone in preventing 
relapses in AQP4 seropositive NMOSD, leading to approval in that country.°° 
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MYELIN OLIGODENDROCYTE GLYCOPROTEIN ANTIBODY DISEASE 
MOG antibody disease is a relatively newly recognized clinical entity that overlaps 
both NMOSD and MS but is also emerging as an autoimmune disease with 
distinctive features. MOG is expressed on the outer surface of the myelin sheath 
and is only found in the CNS.“ Immunity to MOG has long been known to cause 
an inflammatory CNS disease in rodents and other animals, but the recognition 
that MOG immunity causes disease in humans was hampered by poor specificity 
of early MOG antibody assays.® Since 2015 with the improvement of the test, 
MOG antibody disease is now defined as an autoimmune disease with monophasic 
or relapsing inflammatory attacks of the CNS.® In children, the most common 
clinical presentations are acute disseminated encephalomyelitis (ADEM) and 
optic neuritis.°* In adults, optic neuritis accounts for more than half of attacks with 
inflammatory myelitis occurring in about 18% of patients.® Myelitis may be the 
initial event in MOG antibody disease, presenting with bladder retention, leg 
weakness, and sensory changes in the pelvis and legs when associated with a low 
thoracic lesion.°° Myelopathies associated with MOG antibody disease can occur 
throughout the spinal cord and can be mild, moderate, or severe. Some cases of 
MOG antibody disease present identically to NMOSD in severity of initial onset 
whereas other cases are mild and more similar to MS. In addition to myelitis, 
MOG antibody disease can cause an aseptic meningitis presentation with typical 
features including headache and neck stiffness.°° 

Some features of MOG antibody disease are more obvious in retrospect. If the 
initial attack resembles NMOSD, the antibody tests for AQP4 and MOG are 
critical to making the correct diagnosis quickly. However, with hindsight, 
clinicians can distinguish MOG and NMOSD by the degree of recovery. Recovery 
from NMOSD attacks is often limited as described earlier, but patients who have 
MOG attacks tend to recover well.°” It is not unusual for a patient with MOG 
antibody disease to be hospitalized for complete paralysis due to a thoracic 
myelitis and return to the clinic in 3 to 6 months with the ability to walk again, 
often unassisted. 

In patients with a known history of MOG antibody disease, a new myelitis 
attack is suspected when new symptoms are associated with changes on 
neurologic examination that persist for more than a day. MRI of the spinal cord 
typically confirms the relapse with the presence of a new or enhancing lesion. 
Lesions can be either longitudinally extensive (FIGURE 8-2) or focal and can 
involve both gray and white matter tracts. A distinctive MRI finding in MOG 
antibody disease is that recovery after myelitis tends to normalize the spinal 
cord lesion so that old lesions may not be visualized on subsequent scans. This 
has led to the notion that MOG antibody disease may be the cause of “MRI- 
negative myelitis” in which patients with suspected inflammatory myelitis do 
not have a lesion on MRI. 

Although the most common cause of inflammatory myelitis in the US 
population is MS, consideration of NMOSD and MOG is particularly relevant 
when the brain is radiographically spared on MRI. Given the ease of antibody 
testing and the widely different treatment plans among NMOSD, MS, and MOG 
antibody disease, there is a consensus that AQP4 and MOG antibodies should be 
tested in all initial cases of inflammatory myelitis. 

Oligoclonal bands are rare in MOG antibody disease.®* In cases where MOG 
antibody disease and MS are both high on the differential diagnosis, a positive 
oligoclonal band test can help push the diagnosis toward MS. Similar to CSF 
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findings during acute attacks in 
NMOSD, MOG attacks can 
present with marked pleocytosis 
(>50 white blood cells/mm?), 
predominantly lymphocytes.’° 
Such white blood cell elevations 
are rare in MS. 

The MOG antibody test was 
improved in 2015 to minimize the 
false positive tests that plagued the 
assay since it was originally 
published in 1999.”* The new assay 
uses a cell-based approach with 
the full-length extracellular 
FIGURE 8-2 portion of MOG rather than an 
Myelin oligodendrocyte glycoprotein (MOG) ELISA using MOG peptides. In 
antibody-seropositive optic neuritis. This axial addition, the detection of human 


postcontrast T1-weighted brain MRI shows avid p A z . 
contrast enhancement extending a little more MOG antibodies with this method 


than half the length of the optic nerve (arrows) screens out IgM antibodies, which 
primarily in the anterior portion and sparing are commonly found in healthy 
the chiasm. people. In some laboratories, only 


IgG1 antibodies to MOG are 

considered positive for this assay 
whereas in others the IgG is considered positive if above a specific titer. Titer 
appears to be important in MOG antibody disease in two ways. First, a high titer 
bolsters specificity with levels of 1:1000 or greater being 100% specific.3°* 
Lower MOG antibody levels should prompt consideration of other conditions, 
including MS. Second, MOG antibody titers can be tracked over time because 
those whose MOG antibody assays normalize have a lower risk of 
subsequent relapse.” 

There are no approved therapies for MOG antibody disease, either for acute 
relapse or for preventive use. Treatment of relapses seems to respond to high 
doses of corticosteroids.” Patients typically receive 3 to 5 days of high-dose IV 
steroids followed by a 2- to 3-month taper. The taper ensures continued 
anti-inflammatory effect but also prevents a steroid-withdrawal relapse to which 
patients with MOG antibody disease are prone. New data also suggest that IVIg 
may be effective in suppressing acute inflammation and can spare the associated 
toxicity of 2 to 3 months of steroid treatment. 

Preventively, many patients with MOG antibody disease are administered 
IVIg every 4 weeks. Depending on the dose, the risk of relapse can be reduced 
60% to 80%.”* Aseptic meningitis and blood clots are potential side effects of 
IVIg, but they can be mitigated by using a subcutaneous route.” Mycophenolate 
mofetil and azathioprine have been used in the treatment of MOG antibody 
disease, especially in children, with generally good outcomes.’° 

Two medications are being developed for preventive uses in MOG antibody 
disease. Rozanolixizumab is a neonatal Fc receptor (FcRn) monoclonal antibody 
that blocks the ability of FcRn to prevent intravascular antibodies from being 
destroyed and recycled.” A phase 3, randomized, placebo-controlled trial is 
underway to test the ability of rozanolixizumab to prevent relapses in MOG 
antibody disease. A phase 3, randomized, placebo-controlled trial of 
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satralizumab, which is already approved for NMOSD (see above), is also KEY POINTS 
underway to test its ability to prevent relapses in MOG antibody disease.’* 


Both trials are expected to report results in 2025 to 2026. ® Thecriteria for MOG 


antibody disease depends 
on the MOG antibody titer 


OTHER ANTIBODY-ASSOCIATED AUTOIMMUNE DISEASES level; high-titer positive 

Rare cases of immune-mediated myelopathies occur in the context of other MOG antibody tests confer a 
4 : pee ie : diagnosis of MOG antibody 

known autoantibodies. Most notably, glial fibrillary acidic protein (GFAP) disease 

encephalomyelitis is among the more common of these rare conditions.’”? 

GFAP encephalomyelitis is a monophasic immune-mediated attack on the @ Seronegative relapsing 

astrocyte protein GFAP, which typically presents as an acute encephalitis, inflammatory myelitis likely 


includes a mix of different 
conditions that have yet to 
be specifically defined. 


meningoencephalitis, or encephalomyelitis. Like for other forms of autoimmune 
myelitis, treatment of GFAP encephalomyelitis starts with high-dose IV 
corticosteroids and a prolonged oral taper; plasma exchange may be helpful 
when corticosteroids are insufficient.”? Although outcomes are generally good 
after treatment, patients with spinal cord involvement may have residual 
myelopathic symptoms. 

Other autoantibodies that have been reported in association with myelitis 
include anti-glutamic acid decarboxylase (GAD),*° antiglycine receptor in the 
context of progressive encephalomyelitis with rigidity and myoclonus,**** and 
antiamphiphysin antibodies.**4 


SERONEGATIVE RELAPSING INFLAMMATORY MYELITIS 

With improvements in the cell-based assays for AQP4, MOG, and paraneoplastic 
antibodies, new cases of seronegative relapsing transverse myelitis are becoming 
more rare. A select number of cases remain seronegative despite repeated testing 
in the setting of recurrent inflammatory attacks of the spinal cord. This might 
reflect the limited sensitivity of these assays, incorrect diagnosis, or other 
autoantibodies that may have not been discovered. 

Among other causes of myelopathy, neurosarcoidosis, discussed later in this 
article, and vascular myelopathies should be given special consideration. For more 
information about vascular myelopathy, refer to the article “Vascular Myelopathies” 
by Ashutosh P. Jadhav, MD, PhD, FAAN,” in this issue of Continuum. 

There is a consensus that a single event of seronegative inflammatory myelitis 
does not necessarily predict a relapsing disease course.” However, a spatially and 
temporally distinct second attack is a good indication that the disease is relapsing. 
Even if persistently seronegative, the trend in the field is to offer preventive 
medication to prevent a third attack. Additionally, if patients relapse despite an 
adequate trial of an appropriate medication, they are usually switched to a 
different mechanism of treatment. For example, if a patient with a history of 
seronegative relapsing inflammatory myelitis has a new inflammatory lesion in 
the spinal cord while B cell counts are zero following treatment with rituximab, 
the presumption is that B cell depletion is not going to be an effective preventive 
therapy for the patient. 

The clinical presentation of seronegative inflammatory myelitis ranges from 
NMOSD to MS in severity, location, and chronicity. Although it might be 
easy to categorize seronegative inflammatory myelitis as part of MS, patients 
with seronegative inflammatory myelitis usually have been spared brain disease 
both clinically and radiologically. They also have no oligoclonal bands in the 
CSF and thus do not easily meet the criteria for MS. There has been a tendency 
to pigeonhole these patients into “NMOSD-like” versus “MOG antibody 
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disease-like” categories based on their MRI patterns and responses to 
treatments. Patients with lesions that remain bright on T2-weighted MRI long 
after an attack and who seem to respond clinically to B cell therapies are 
considered to have an “NMOSD-like” presentation whereas those whose spinal 
cord lesions recover well over time and do not respond well to B cell therapies 
may be labeled as having an “MOG antibody disease—like” presentation. In 
addition to B cell-depletion therapies, other patients with an “NMOSD-like” 
presentation may respond to interleukin 6 blockers such as tocilizumab. 
“MOG antibody disease-like” therapy includes IVIg. Patients may opt for 

a broad immunosuppressive approach such as mycophenolate mofetil or 
azathioprine. 


MONOPHASIC IDIOPATHIC INFLAMMATORY MYELITIS 

Monophasic idiopathic inflammatory myelitis refers to a single inflammatory 
attack of the spinal cord that is not the result of MS, NMOSD, or MOG antibody 
disease. Originally coined in 1948,*° the term transverse myelitis was used to define 
an inflammatory attack of the spinal cord that presented with bilateral symptoms 
due to disease across a transverse section of the spinal cord and corresponding 
dermatomal distribution. In 2002, the bilateral requirement was incorporated 
into the Transverse Myelitis Working Group’s formalized criteria for the 
diagnosis of inflammatory myelitis, which, although now somewhat outdated, 
attempted to distinguish inflammatory from noninflammatory etiologies.* MRI 
visualization of lesions negated the bilateral requirement that was previously 
helpful to spinal cord localization. 

Triggers for inflammatory myelitis have historically included vaccines and 
infections of many different kinds.” The COVID-19 pandemic provided a unique 
situation in which to study immunologic triggers because testing was widely 
available and infections were documented. Also, large populations received the 
vaccine essentially at the same time. In one of the most closely watched trials of 
one COVID-19 vaccine, the first COVID-19 vaccine trial to be published, three 
people developed inflammatory myelitis during the study, only one of which was 
determined to be caused by the vaccine.** In addition to vaccines, infections may 
also trigger attacks. For example, there are a similar number of case reports of 
inflammatory myelitis following COVID-19 infection as there are following 
COVID-19 vaccination, both of which were low frequency in the 
general population.°”9° 

MRI lesions of idiopathic inflammatory myelitis vary in size and location. 
Longitudinally extensive lesions are more commonly associated with NMOSD 
and MOG than with idiopathic inflammatory myelitis, which tends to span less 
than three vertebral lengths.** Transverse myelitis does not preferentially target 
gray versus white matter tracts as MS does. Gadolinium enhancement is 
associated with active inflammation in inflammatory myelitis although, in some 
cases of severe inflammatory myelitis, persistent enhancement is seen 
throughout recovery. Over time, inflammatory myelitis lesion scars transition to 
a residual nonenhancing T2 hyperintensity. 

Spinal fluid analysis may be used in place of MRI contrast enhancement to 
confirm the presence of an inflammatory process. The presence of pleocytosis is 
not exclusive to immune-mediated myeloapthies; many nonimmune 
myelopathies can cause damage to the spinal cord, which recruits an immune 
cellular response. However, a higher number of cells, particularly greater than 
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50 white blood cells/mm, should be worked up for a primary immune- 
mediated myelopathy. 

Treatment for idiopathic inflammatory myelitis begins with suppression of the 
inflammatory process by using high-dose corticosteroids. Escalated therapy to 
therapeutic plasma exchange or cyclophosphamide or both should be considered 
when the response to steroids is poor.” Once the inflammation subsides, the 
recovery can take 6 to 18 months or more depending on the extent of damage. 
Recovery is rarely complete, and patients are frequently left with some degree of 
weakness, numbness, and neuropathic pain. The one-third prognosis rule was 
published in the early 1980s based on an observational case series in which about 
one-third of patients recovered well, one-third made some recovery back to 
walking with assistance, and one-third had a poor outcome.”* With modernized 
and more intensive immunosuppressive therapy initiated as early as possible in the 
course of the condition, the expectation is that patients will have better recoveries. 

Even in patients who do not make meaningful recoveries, initiating treatment 
for idiopathic inflammatory myelitis appears to blunt the progressive decline in 
neurologic function. Nearly all studies in transverse myelitis using various forms 
of immunosuppression show that the nadir of disease is reached just before 
treatment is started. This pattern suggests that, without treatment, some patients 
would have continued to progress in their disease course. Some patients present 
too late for treatment. If the inflammation has already subsided naturally as 
indicated by stable neurologic deficits, nonenhancing lesion on MRI, and no 
pleocytosis on CSF analysis, there is a reduced expectation that 
immunosuppressive therapy would be helpful. 

After inflammation subsides and recovery begins, physical therapy is 
important to optimizing long-term neurologic function.” 


NEUROSARCOIDOSIS 

Neurosarcoidosis is a granulomatous inflammatory disease that affects the CNS. 
In the spine, non-necrotizing epithelioid granulomas slowly grow into the CNS 
parenchyma from the spinal meninges triggering a lymphocytic inflammatory 
reaction leading to a subacute or chronic myelopathy.” In the basal meninges, 
neurosarcoidosis can cause cranial neuropathies in addition to headaches and 
papilledema due to increased intracranial pressure depending on where the 
granulomas grow. Ninety percent of cases of neurosarcoidosis occur in the 
context of systemic sarcoidosis, usually in the lung, but it is frequently the 
neurologic symptoms that prompt the workup.” 

The clinical presentations of neurosarcoidosis depend on the location of the 
granulomatous inflammation, but in most cases, the progression of decline is 
subacute or chronic, occurring over weeks to months. Because granulomas 
usually grow into the cord from the meninges, white matter tracts are affected 
more commonly than gray matter, leading to long tract signs that affect motor 
and sensory function below the level of the lesion. 

The gold standard for diagnosis is biopsy of the CNS lesion with demonstration 
of a noncaseating granuloma, which is usually surrounded by a ring of fibroblasts 
mixed with lymphocytes. In most cases, workup of neurosarcoidosis identifies 
other granulomas, such as in the lung and spleen, that are easier to biopsy than 
in the CNS; positive findings confer a diagnosis of probable neurosarcoidosis. 
When neurosarcoidosis is diagnosed on clinical grounds without biopsy 
confirmation, it is considered possible neurosarcoidosis.®° Clinical grounds to 
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KEY POINTS 


@ Broad-spectrum 
immunosuppression can be 
useful in preventing relapses 
of seronegative relapsing 
inflammatory myelitis. 


@ Monophasic idiopathic 
inflammatory myelitis is a 
one-time immunologic event 
that leads to spinal cord 
injury. 


@ A link between 
inflammatory myelitis and 
vaccines has been 
speculated but not 
confirmed. 


@ Neurosarcoidosis in the 
spinal cord should be 
suspected in cases with MRI 
lesions that are persistently 
enhancing over a long 
period. 


@ Steroids are often 
sufficient to treat 
neurosarcoidosis of the 
spinal cord, but newer 
treatments, such as anti- 
tumor necrosis factor 
medications, are available. 


@ The differential diagnosis 
of immune-mediated 
myelopathies can be 
narrowed by workup that 
uses imaging, serology, 
spinal fluid analysis, and 
sometimes histopathology. 
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make a diagnosis depend on the rest of the workup by MRI, positron emission 
tomography (PET), and CSF and blood testing. 

On MRI, neurosarcoid lesions are avidly enhancing with gadolinium, and they 
almost always attach to the meninges in the basal cisterns or spinal column.” 
In the axial plane, the pattern resembles a trident because of confluent central 
canal and dorsal subpial enhancement. They are nodular in appearance and can 
include a longitudinally extensive T2-hyperintense halo depending on how 
inflamed the granuloma is. Even after the start of the treatment, neurosarcoid 
lesions distinguish themselves from other causes of immune-mediated 
myelopathies in that they remain persistently contrast enhancing for at least 
6 weeks, and often more than that.®* They tend to shrink in size over time with 
ongoing immunosuppressive treatments and eventually disappear. 

In the initial workup, fludeoxyglucose (FDG)-PET is useful in two ways. 
First, FDG avidity of the spinal cord lesion supports the diagnosis of 
neurosarcoidosis and the decision to pursue a spine biopsy.”’ Usually, a biopsy 
of the meninges is sufficient to find a granuloma, and the spinal cord can be 
spared. Second, even when the spinal cord lesion is avid, scans of the chest and 
abdomen often identify an avid lesion in the lungs or spleen that would provide 
for an easier biopsy target than the spine or brain. 

Spinal fluid analysis usually demonstrates a mix of pleocytosis and low 
glucose. Neurosarcoidosis is distinctive among immune-mediated 
(noninfectious) causes of myelopathy in causing glucose levels in the low range 
of 20 mg/dL to 40 mg/dL (reference range, 60 mg/dL to 100 mg/dL).?* CSF 
angiotensin-converting enzyme, produced by macrophages within the 
granuloma, is a relatively specific finding in neurosarcoidosis but has low 
sensitivity.’°° Blood testing for angiotensin-converting enzyme has a lower 
specificity than the CSF and is generally not recommended in the workup for 
neurosarcoidosis. Soluble interleukin 2 released by activated T cells has been 
proposed recently as a marker for sarcoidosis with a sensitivity and specificity 
of 88% and 85% in biopsy-proven cases.*°*"°* However, when tested in the CSF 
for neurosarcoidosis, soluble interleukin 2 was not specific except to help 
exclude MS.*°? 

Although mild cases of systemic sarcoidosis may not require treatment, 
neurosarcoidosis is almost always treated to reverse neurologic symptoms and 
prevent progression. Severe or acute cases of myelopathy should be treated with 
high doses of corticosteroids, similar to the treatment for inflammatory myelitis, 
although the expectation in neurosarcoidosis is that immunosuppressive 
treatment for several months or even years may be necessary to achieve full 
remission.?* Corticosteroids can be converted to lower oral doses, but in the long 
term, the required doses of corticosteroids may cause significant side 
effects.?*"°* Steroid-sparing agents, such as mycophenolate and methotrexate, 
may be added to permit lower doses of steroids. Infliximab, a tumor necrosis 
factor inhibitor, is effective and safe in neurosarcoidosis, even in cases that are 
not responsive to corticosteroids." More recently, JAK/STAT inhibitors have 
been shown to be useful in systemic sarcoidosis.’°° 


PARANEOPLASTIC DISEASE 

Paraneoplastic myelopathy should be suspected in any patient with myelopathy 
in the setting of cancer. The most common cancer associated with paraneoplastic 
myelopathy is small cell lung cancer, and associated autoantibodies are usually 
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anti-Hu, collapsin response mediator protein-5 (CRMPs), or amphiphysin 
antibodies.*°” 

Myelopathy can be the initial presentation leading to the diagnosis of cancer. 
In patients older than 55 who present with myelopathy, vascular and 
paraneoplastic myelopathy should be considered the differential diagnosis, 
especially with a weeks- to months-long history of unintended weight loss, night 
sweats, or both. MRI features that favor paraneoplastic myelopathy include 
longitudinally extensive lesions that appear to track along the white matter in the 
spinal cord, brainstem, or brain, which is called tractopathy.*°* Another MRI 
feature of paraneoplastic myelopathy is necrotic destruction with contrast 
enhancement and T1 hypointensity.*°? Necrotizing myelopathy in paraneoplastic 
disease is a poor prognostic sign.*° Some cases of aggressive paraneoplastic 
myelopathy can overlap with AQP4-seropositive NMOSD."?"* 

Detection of serologic antibodies to Hu, CRMP5, or amphiphysin should 
prompt a cancer workup, including imaging of the chest and abdomen by CT, 
PET, or both. Treatment is directed at the underlying cancer, which is usually 
immunosuppressive as well. Even when the cancer is treatable, neurologic 
damage may be permanent, particularly in the cerebellum and spinal cord. 


CONCLUSION 

Immune-mediated myelopathies share a common mechanism of immune 
dysfunction that targets the spinal cord. There are many other causes of 
myelopathy that can mimic immune-mediated myelopathies. In distinguishing 
among the several specific causes of immune-mediated myelopathies, a workup 
that includes objective data in the form of serology, imaging, spinal fluid analysis, 
and, in some cases, histopathology is helpful in narrowing the differential 
diagnosis. Newly approved and emerging therapies are available for specific 
immune-mediated myelopathies, with more in development. 
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Metabolic and Toxic 
Myelopathies 


By Kathryn B. Holroyd, MD; Aaron L. Berkowitz, MD, PhD, FAAN 


ABSTRACT 

oBJECTIVE: This article reviews the clinical presentation, diagnostic 
evaluation, and treatment of metabolic and toxic myelopathies resulting 
from nutritional deficiencies, environmental and dietary toxins, drugs of 
abuse, systemic medical illnesses, and oncologic treatments. 


LATEST DEVELOPMENTS: Increased use of bariatric surgery for obesity has led to 
higher incidences of deficiencies in nutrients such as vitamin B42 and copper, 
which can cause subacute combined degeneration. Myelopathies 
secondary to dietary toxins including konzo and lathyrism are likely to 
become more prevalent in the setting of climate change leading to drought 
and flooding. Although modern advances in radiation therapy techniques 
have reduced the incidence of radiation myelopathy, patients with cancer 
are living longer due to improved treatments and may require reirradiation 
that can increase the risk of this condition. Immune checkpoint inhibitors are 
increasingly used for the treatment of cancer and are associated with a wide 
variety of immune-mediated neurologic syndromes including myelitis. 


ESSENTIAL POINTS: Metabolic and toxic causes should be considered in the 
diagnosis of myelopathy in patients with particular clinical syndromes, risk 
factors, and neuroimaging findings. Some of these conditions may be 
reversible if identified and treated early, requiring careful history, 
examination, and laboratory and radiologic evaluation for prompt diagnosis. 


INTRODUCTION 
etabolic causes of myelopathy include nutritional deficiencies 
(eg, vitamin B,,, copper, folate, and vitamin E). Toxic causes 
of myelopathy include dietary exposures (eg, bitter cassava 
root causing konzo, grass pea causing lathyrism), endogenous 
toxins (eg, hepatic myelopathy), and drugs of abuse (eg, nitrous 
oxide, heroin). Treatments for cancer such as intrathecal chemotherapy, immune 
checkpoint inhibitors (ICIs), and radiation therapy can cause myelopathy. This 
article reviews the clinical, laboratory, and radiologic features of these conditions, 
the risk factors for their development, and their treatment and prognosis. A 
summary of the key aspects of these entities can be found in TABLE 9-1. 


VITAMIN Biz (COBALAMIN) DEFICIENCY 

Vitamin B,, is a water-soluble vitamin that serves as a cofactor for key enzymatic 
reactions in amino acid synthesis, fatty acid metabolism, DNA synthesis, and 
myelin formation.* Dietary sources of vitamin B,, include eggs, red meat, milk, 
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TABLE 9-1 


cheese, and some fortified grains. After cleavage by gastric acid in the stomach, 
vitamin B,, binds to intrinsic factor in the duodenum and is absorbed in 
the ileum.* 


Vitamin B,, deficiency is more common in patients older than 60 years, 


and prevalence increases with advancing age.” The most common causes of 
vitamin B,, deficiency include inadequate intake (eg, vegan diet), autoimmune 
disease (eg, pernicious anemia), malabsorption (eg, gastric bypass, gastric or 
ileal resection, inflammatory bowel disease, intestinal lymphoma, chronic 
pancreatitis), and medications (eg, proton pump inhibitors and metformin).* 


Clinical Features of Metabolic and Toxic Myelopathies 


Spinal cord 


Vitamin B42 
deficiency 


Nitrous oxide 


Folate 
deficiency 


Vitamin E 
deficiency 


Copper 
deficiency 


Konzo 


200 


Population at risk 


Older than 60 years, 
vegan diet, pernicious 
anemia, bariatric 
surgery, inflammatory 
bowel disease, 
pancreatic 
insufficiency 


Inhaled anesthetic for 
medical and dental 
procedures, 
recreational use 
(“whippets”) 


Alcohol use disorder, 
meat-based diet, 
hematologic 
malignancies, bariatric 
surgery, inflammatory 
bowel disease 


Cystic fibrosis, 
abetalipoproteinemia, 
cholestatic and 
hepatobiliary 
disorders, 
inflammatory bowel 
disease, small bowel 
resection 


Parenteral nutrition, 
excessive zinc intake, 
bariatric surgery, 
nephrotic syndrome, 
Menkes disease, 
penicillamine 


Cassava root 
consumption in 
drought-prone 
regions 


syndrome 


Dorsal columns 
and corticospinal 
tracts (concurrent 
neuropathy may 
be present) 


Dorsal columns 
and corticospinal 
tracts 


Dorsal columns 
and corticospinal 
tracts (concurrent 
neuropathy may 
be present) 


Dorsal columns 
and 
spinocerebellar 
tracts 
(concurrent 
neuropathy may 
be present) 


Dorsal columns 
and corticospinal 
tracts (concurrent 
neuropathy may 
be present) 


Dorsal columns 
and corticospinal 
tracts 


T2 hyperintensity 
of the dorsal 
columns spanning 
multiple levels 
(“inverted V” or 
“rabbit ears” on 
axial sections) 


T2 hyperintensity 
of the dorsal 
columns 


T2 hyperintensity 
of the dorsal 
columns 


T2 hyperintensity 
of the dorsal 
columns 


T2 hyperintensity 
of the dorsal 
columns 


Normal, but 
few reports 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 


Macrocytic 
anemia, serum 
vitamin Bio 
<200 pg/mL, 
elevated 
methylmalonic 
acid and 
homocysteine 


Low serum 
vitamin Bio, 
elevated 
methylmalonic 
acid and 
homocysteine 


Macrocytic 
anemia, folate 
<3 ng/mL, red 
cell folate 
<150 ug/L, 
increased 
homocysteine 


Serum vitamin E 
< 5 ug/mL, ratio 
of vitamin E to 
serum lipids 
<0.8 mg/g 


Pancytopenia, 
serum copper 
<0.75 ug/mL, 
ceruloplasmin 
<21.5 mg/dL 


Elevated serum 
and urine 
thiocyanate 


Treatment 


1000 ug vitamin Biz 
IM weekly or oral 
daily depending on 
cause of deficiency 
(see text) 


Vitamin Bio 
repletion, stop 
nitrous 

oxide use 


Folic acid 

5 mg/d x 4 months 
then 1 mg/d; may 
need up to 

30 mg/d 


Oral vitamin E 200- 
300 mg/d; may 
need up to 

3000 mg daily 


Oral copper 

6 mg x 1 week, 

4 mg x 1 week, then 
2 mg daily 


Supportive care 


CONTINUED ON PAGE 201 
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Nitrous oxide use can also lead to secondary vitamin B,, deficiency 
(as discussed in the Nitrous Oxide section). 


Clinical Presentation 
Vitamin B,, deficiency is associated with subacute combined degeneration, 

a condition affecting the posterolateral spinal cord (ie, dorsal columns and 
corticospinal tracts).* Vitamin B,, deficiency myelopathy presents subacutely 
to chronically, with large case series reporting a median time from symptom 
onset to clinical evaluation of 4 to 14 months,’ although symptoms may progress 


CONTINUED FROM PAGE 200 


Spinal cord 


Lathyrism 


Heroin 


Hepatic 


Intrathecal 
chemotherapy 


Immune 
checkpoint 
inhibitors 


Radiation 


Population at risk 


Consumption of 
grass pea, protein 
malnutrition, more 
common in men 


Resumption of heroin 
use after period of 
abstinence from 
chronic use 


Portacaval shunting 
(spontaneous, surgical, 
or transjugular 
intrahepatic 
portosystemic shunt 
[TIPS]) 


Patients receiving 
intrathecal 
methotrexate or 
cytarabine 


Preexisting 
paraneoplastic or 
other autoantibodies 
against neural antigens 
may increase risk 


Radiation for cancers 
of head or neck, 
thorax, upper abdomen; 
spinal metastases 
with total dose or 
fraction exceeding 
recommended limits; 
reirradiation of spine 
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syndrome 


Dorsal columns 
and corticospinal 
tracts 


Transverse, 
dorsal columns 
may be spared in 
some cases 


Subacute lower 
extremity 
paraparesis; 
sensory or 
sphincter 
involvement rare 


Arachnoiditis 
(causing 
lumbosacral 
radiculitis) or 
transverse 


Transverse 


Early: isolated 
Lhermitte sign 
Late: Brown- 
Séquard 
syndrome 

or transverse 


Normal, but 
few reports 


Longitudinally 
extensive T2 
hyperintensity, 
patchy 
enhancement may 
be seen 


Normal 


Arachnoiditis: 
cauda equina 
clumping or 
enhancement; 
myelopathy: 
longitudinally 
extensive T2 
hyperintensity 


Longitudinally 
extensive T2 
hyperintensity, 
patchy 
enhancement may 
be seen 


Early: normal 

Late: longitudinally 
extensive T2 
hyperintensity, 

Ti hypointensity, 
focal patchy or ring 
enhancement 


Normal Not applicable 


Usually normal Not applicable 


Normal Elevated liver 
function tests, 
ammonia 

Elevated Decreased 

protein, folate with 

elevated myelin intrathecal 
basic protein methotrexate 


Elevated 
protein, 
lymphocytic 
pleocytosis, 
autoantibodies 
detected in 
some cases 


Not applicable 


Early: normal 
Late: normal or 
elevated protein 


Not applicable 


Treatment 


Supportive care 


Unknown, 
corticosteroids 
used in some cases 


Liver 
transplantation, 
TIPS occlusion 


Unknown, folate 
metabolites and 
dextromethorphan 
have been used in 
some cases 


Discontinuation 

of checkpoint 
inhibitor; steroids 
with escalation 

to IV immunoglobulin 
(IVIg), plasma 
exchange, or other 
immunomodulatory 
treatment if 
refractory 


Unknown, steroids, 
anticoagulation, 
hyperbaric oxygen, 
and bevacizumab 
have been used 
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rapidly over weeks.* Paresthesia and sensory ataxia of all four limbs are the 
predominant symptoms (CASE 9-1). Weakness is uncommon early in the 
condition, although upper motor neuron findings such as hyperreflexia and the 
Babinski sign are common on examination. In long-standing untreated cases, 
weakness can develop.*** Bowel and bladder symptoms are seen in less than 
15% of patients.? 

Peripheral neuropathy occurs in 15% to 30% of patients with vitamin B,, 
deficiency and may be concurrent with subacute combined degeneration, 


CASE 9-1 A 65-year-old man with a history of Crohn disease presented with several 
weeks of bilateral hand and foot paresthesia. He also reported feeling off 
balance, needing to hold on to the handrails when using the stairs to avoid 
falling. A recent flare in his Crohn disease had led to reduced food intake 
for the past 2 weeks. 

On examination, there was absent vibration sense and proprioception 
at the big toe and ankle bilaterally with preserved pain sensation. His 
reflexes were absent at the ankles and brisk at the knees and in the upper 
extremities. The Babinski sign was present bilaterally. He had a Romberg 
sign and wide-based gait. 

MRI demonstrated longitudinal T2 hyperintensity in the posterior 
spinal cord (FIGURE 9-1). Complete blood cell count was notable for a 
hemoglobin of 9 g/dL and a mean corpuscular volume of 110 fL. Serum 
vitamin B,z was 110 pg/mL. Serum folate, copper, and vitamin E were 
within normal limits. 

The patient was diagnosed with vitamin B,2. deficiency myelopathy and 
started on IM cyanocobalamin 1000 ug weekly for 2 weeks, followed by 
monthly injections. Over the course of the next 6 months, he noted 
almost complete improvement in his neurologic symptoms, with only 
mild paresthesia in his feet remaining. 


COMMENT The patient's risk factors for vitamin Biz deficiency included age and 
inflammatory bowel disease. He likely had low baseline vitamin Biz levels 
due to malabsorption that were further reduced due to a flare of 
inflammatory bowel disease leading to both decreased oral intake and 
decreased absorption. His neurologic examination findings of dorsal 
column dysfunction and mixed upper and lower motor neuron signs were 
consistent with myeloneuropathy with posterolateral spinal dysfunction, a 
common pattern in vitamin Biz deficiency that may also be seen in copper 
or folate deficiency. 
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causing a myeloneuropathy with both upper and lower motor neuron signs on 
examination.*” Long-standing untreated vitamin B,, deficiency commonly 
causes cognitive impairment? and can more rarely cause autonomic neuropathy 
and optic neuropathy.””° Systemic symptoms of generalized fatigue, 
constipation, and urinary frequency and examination findings such as glossitis 
and skin hyperpigmentation may be clues to the diagnosis of vitamin B,, 
deficiency, although they may be absent.’ Of these systemic signs, glossitis may 
be the most common, seen in 87% of 136 patients in one series.” 


FIGURE 9-1 

T2-weighted MRI of the cervical spine of the 
patient in case 9-1. A, Sagittal view shows 
longitudinally extensive hyperintensity in the 
dorsal columns. B, Axial view shows 
hyperintensity in bilateral dorsal columns in the 
classic “inverted V” or “rabbit ears” pattern 
(arrow), characteristic of the myelopathy 
associated with vitamin B,. deficiency. 
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Laboratory and Radiology Findings 

Vitamin B,, deficiency can cause macrocytic anemia, although up to 25% of 
individuals with vitamin B,, deficiency—associated myelopathy will not have a 
concurrent anemia of any kind.” Hypersegmented neutrophils may be seen on 
blood smear. A serum vitamin B,, level below 200 pg/mL (148 pmol/L) is 
considered deficient," and levels greater than 300 pg/mL (221 pmol/L) are 
considered normal. If the serum vitamin B,, level is between 200 pg/mL to 

300 pg/mL (148 pmol/L to 221 pmol/L) or if clinical suspicion for vitamin B,, 
deficiency is high despite a vitamin B,, level within the laboratory reported 
normal range, serum methylmalonic acid and homocysteine levels should be 
evaluated. Elevation in both of these laboratory values (greater than 270 nmol/L 
and 15 pmol/L, respectively)” is consistent with vitamin B,, deficiency. If low 
vitamin B,, is identified without clear dietary-related or medication-related 
etiology, evaluation for pernicious anemia with serum anti-—intrinsic factor 
antibodies should be performed.’ Of note, serum vitamin B,, may be low without 
clinical deficiency during pregnancy (due to hemodilution), so methylmalonic 
acid and homocysteine evaluation should be considered in that setting to assess 
for biochemical evidence of functional vitamin B,, deficiency.” 

MRI classically demonstrates T2 hyperintensity in the dorsal columns 
spanning multiple levels, with an “inverted V” or “rabbit ears” appearance on 
axial sections, although MRI is normal in 60% to 85% of patients in large case 
series (FIGURE 9-1).?”? The cervical and thoracic portions of the spinal cord are 
most commonly affected.*** Rarely reported radiologic findings include mild 
cord swelling’™® and subtle, linear contrast enhancement of the dorsal columns.” 
Abnormal MRI findings have been associated with a shorter course of disease 
prior to presentation (median, 7 months versus 20 months) ,* suggesting that 
MRI abnormalities may normalize over time with longer delays to diagnosis. 


Pathophysiology 

Autopsy studies of patients with subacute combined degeneration of the spinal 
cord demonstrate myelin sheath swelling, vacuolization, and secondary axonal 
degeneration of the posterior and lateral white matter tracts.” Although the 
mechanism by which vitamin B,, deficiency leads to myelin degeneration is not 
fully understood, in vitro studies suggest the accumulation of methylmalonic 
acid or disrupted fatty acid metabolism as potential causes.’ 


Treatment and Prognosis 

Patients with neurologic manifestations of vitamin B,, deficiency should be 
treated with IM vitamin B,, 1000 ug 1 to 3 times weekly for 2 weeks, or until the 
serum level surpasses 300 pg/mL, followed by 1000 ug monthly.’ If the cause of 
vitamin B,, deficiency is not malabsorption, treatment with oral vitamin B,, 
1000 pg daily is considered as effective as intramuscular administration.”° Repeat 
measurement of serum vitamin B,, is not required in the setting of clinical 
improvement but is often performed after 3 to 4 months of repletion to 

ensure normalization. 

Vitamin B,, repletion halts symptom progression in vitamin B,, deficiency 
myelopathy, but improvement in neurologic symptoms may take weeks to 
months and may be incomplete in patients with severe or long-standing 
symptoms. Complete resolution occurs in approximately 20% to 40% of 
patients.**° Factors associated with worse prognosis include older age, greater 
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disability at diagnosis, and more extensive spinal cord involvement on 
imaging.**’3 MRI abnormalities resolve in 60% to 90% of cases after 
treatment." 


NITROUS OXIDE 

Nitrous oxide is an inhaled anesthetic used in dental and medical procedures. It is 
also a drug of abuse due to its euphoric and hallucinogenic psychotropic effects 
(“laughing gas”), most commonly consumed via inhalation from pressurized 
whipped cream containers (“whippets”). Inhaled nitrous oxide inactivates 
vitamin B,,, causing functional vitamin B,, deficiency which can lead to subacute 
combined degeneration. An estimated 26% of patients who use nitrous oxide 
recreationally develop myelopathy.”” 


Clinical Presentation 

Nitrous oxide myelopathy can present subacutely in patients who chronically 
abuse nitrous oxide, but may also occur acutely after a single exposure 
(recreational or in the context of anesthesia) in patients with preexisting vitamin 
B,» deficiency.’”** As with vitamin B,, deficiency, the dorsal columns and 
corticospinal tracts are preferentially affected, causing paresthesia, unsteady gait, 
sensory ataxia, and weakness.*” Sphincter dysfunction is rarely reported.*”*° 
More than 20% of patients with nitrous oxide exposure will develop a concurrent 
demyelinating polyneuropathy.” In several reported cases of nitrous oxide 
myelopathy, cognitive impairment has been reported, particularly affecting 
short-term memory.*””* 


Laboratory and Radiology Findings 

In most cases of nitrous oxide myelopathy that develop after weeks to months of 
nitrous oxide exposure, serum vitamin B,, is low (>70% of patients) and 
methylmalonic acid and homocysteine levels are elevated (>90% of patients). 
However, these tests may be normal, particularly in acute nitrous oxide 
intoxication.’”** MRI of the spine in nitrous oxide myelopathy was abnormal in 
68% of cases in one series, with findings similar to those described in vitamin 
Ba» deficiency.” 


17,18 


Pathophysiology 

Neurologic complications of nitrous oxide exposure are thought to be 
secondary to inactivation of vitamin B,, by nitrous oxide. The mechanism 
of myelopathy is therefore thought to be the same as described above for 
vitamin B,, deficiency.’” 


Treatment and Prognosis 

Treatment involves cessation of nitrous oxide use and repletion of vitamin B,, as 
described above. At least partial clinical improvement was observed after 
treatment in more than 90% of patients in one small series,”* although recovery 
can take months to years. Younger age and less severe symptoms at presentation 
are associated with a more favorable prognosis.** >° 


FOLATE (VITAMIN Bo) DEFICIENCY 


Folate is a water-soluble vitamin that serves as a cofactor in DNA synthesis, 
protein metabolism, and the breakdown of amino acids. Primary dietary sources 


CONTINUUMJOURNAL.COM 


KEY POINTS 


@ The most common causes 
of vitamin B,2 deficiency 
include inadequate intake 
(vegan diet), autoimmune 
disease (pernicious anemia), 
malabsorption (gastric 
bypass, gastric or ileal 
resection, inflammatory 
bowel disease, intestinal 
lymphoma, chronic 
pancreatitis), and 
medications (proton pump 
inhibitors and metformin). 


@ Vitamin B,. deficiency is 
associated with subacute 
combined degeneration, a 
condition affecting the 
posterolateral spinal cord 
(ie, dorsal columns and 
corticospinal tracts). 


@ Peripheral neuropathy 
occurs in 15% to 30% of 
patients with vitamin B,. 
deficiency and may be 
concurrent with subacute 
combined degeneration, 
causing a myeloneuropathy 
with both upper and lower 
motor neuron signs on 
examination. 


@ Vitamin B,, deficiency can 
cause macrocytic anemia, 
although up to 25% of 
individuals with vitamin B,2 
deficiency-associated 
myelopathy will not have a 
concurrent anemia of any 
kind. 


@ If the serum vitamin B42 
level is between 200 pg/mL 
to 300 pg/mL (148 pmol/L to 
221 pmol/L) or if clinical 
suspicion for vitamin B,2 
deficiency is high despite a 
vitamin B;2 level within the 
laboratory reported normal 
range, serum methylmalonic 
acid and homocysteine 
levels should be evaluated. 
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of folate include legumes, citrus fruits, leafy green vegetables, and fortified white 
flour. Folate is absorbed mainly in the jejunum, after which it is metabolized to 
its active form of tetrahydrofolate.* 

The most common causes of folate deficiency include inadequate dietary intake 
(eg, primarily grain-based and meat-based diets, alcohol use disorder), increased 
folate requirement (eg, pregnancy, sickle cell disease, hematologic malignancies), 
and impaired absorption (eg, bariatric surgery, inflammatory bowel disease, 
intestinal resection). Medications such as methotrexate or trimethoprim can 
also lead to folate deficiency if appropriate concurrent supplementation is not 
provided.”*? Myelopathy due to folate deficiency is currently rare because of 
widespread dietary fortification programs and should be suspected only when 
other causes of myelopathy have been thoroughly excluded.” 


Clinical Presentation 

Case reports of definitive folate deficiency myelopathy describe a pattern of 
sensorimotor dysfunction similar to subacute combined degeneration secondary 
to vitamin B,, deficiency but are more often chronically progressive over 
years.**” In long-standing untreated cases, other neurologic manifestations of 
folate deficiency can be seen including peripheral neuropathy, optic neuropathy, 
and progressive cognitive decline.” Clues to folate deficiency as a cause of 
neurologic dysfunction include glossitis, angular stomatitis, and 
hyperpigmentation of the hands and feet. 


Laboratory and Radiology Findings 
Macrocytic anemia may be present as in vitamin B,, deficiency. Serum folate 
greater than 5 ng/mL excludes folate deficiency as the cause of neurologic 
symptoms. Although serum folate deficiency is often defined as less than 
3 ng/mL, up to 5% of healthy, asymptomatic individuals may have serum folate 
below this level, so low serum folate does not confirm folate deficiency as the 
cause of neurologic symptoms.” If a very high clinical suspicion for folate 
deficiency is present but serum folate is normal, red blood cell folate can be 
evaluated, which is an approximation of folate ingestion over 3 months. A level 
less than 150 ug/L is consistent with folate deficiency.* Although homocysteine is 
elevated in folate deficiency as it is in B, deficiency, methylmalonic acid is 
normal as folate is not involved in metabolism of methylmalonic acid. Low serum 
folate takes 3 to 6 months to normalize with adequate supplementation.* 

Rare reports of MRI findings in folate myelopathy describe findings similar to 
those seen in vitamin B,, deficiency (as described in the Vitamin B,, [Cobalamin] 
Deficiency section).”° 


Pathophysiology 

After absorption in the small intestine, folate is converted to tetrahydrofolate, its 
biologically active form, which is an essential cofactor for DNA synthesis, 
epigenetic methylation, and the conversion of homocysteine to methionine. 
Neurologic dysfunction in folate deficiency has been theorized to be due to the 
disruption of cellular replication and hyperhomocysteinemia.* 


Treatment and Prognosis 


Treatment of folate deficiency myelopathy is oral folate replacement: 5 mg of 
folic acid daily for 4 months (or until term if related to pregnancy) followed by 
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1 mg daily in patients with normal absorption, or up to 15 mg to 30 mg daily in 
patients with malabsorption.* In patients with concurrent vitamin B,, deficiency, 
treatment with folic acid alone may worsen neurologic symptoms, so serum 
vitamin B,, level should be evaluated prior to treatment and concurrent repletion 
of vitamin B,, may be necessary.”” 

Improvement in myelopathic symptoms has been reported in treated patients, 
even in cases of symptom progression for many years prior to treatment, 
although recovery may be incomplete.****”* Repeat measurement of serum 
folate is not required but may be considered after several months of repletion if 
there is a lack of clinical improvement. In cases of severe malabsorption, IV folic 
acid (1:1 dosing equivalent with oral regimens) can be considered. 


VITAMIN E DEFICIENCY 

Vitamin E is a fat-soluble vitamin that functions as an antioxidant, free radical 
scavenger, and enzyme activity regulator. Foods high in vitamin E include nuts, 
seeds, and leafy green vegetables. After ingestion, vitamin E requires pancreatic 
lipase for adequate absorption in the small intestine, after which it is transported 
in the bloodstream in very-low-density lipoprotein particles and low-density 
lipoprotein particles.*? 

Vitamin E deficiency secondary to dietary insufficiency is rare, occurring 
more commonly in the context of malabsorption. Conditions that increase the 
risk of vitamin E deficiency include cystic fibrosis (due to deficits in pancreatic 
enzyme production), abetalipoproteinemia (a genetic deficit of lipoprotein 
metabolism), ataxia with vitamin E deficiency (a genetic condition affecting 
vitamin E binding to very-low-density lipoprotein particles), cholestatic and 
hepatobiliary disorders, inflammatory bowel disease, and surgical resection of 
the small intestine.*?7° 


Clinical Presentation 

Vitamin E deficiency is a rare cause of a subacute to chronic myelopathy 
predominantly affecting the dorsal columns. The spinocerebellar tracts and 
peripheral nerves may also be affected. In severe cases and those caused by 
inherited disorders of vitamin E absorption, ophthalmoplegia, ptosis, dysarthria, 
retinopathy, and myopathy* may occur.” 


Laboratory and Radiology Findings 

Vitamin E deficiency is defined as a serum level less than 5 ug/mL. However, 
in malabsorption secondary to cholestasis, serum lipid levels may be elevated, 
leading to a falsely normal serum vitamin E level. In these cases, the ratio 

of serum vitamin E to total serum lipids can be evaluated, with a ratio less 
than 0.8 mg/g considered low.” In cases of abetalipoproteinemia, serum 
vitamin A levels will also be low.*° MRI of the spine may show T2 
hyperintensity in the dorsal columns similar to vitamin B}, deficiency, or 

it may be normal.*° 


Pathophysiology 

Although the exact cause of neuronal damage in vitamin E deficiency is not 
known, it may be related to the loss of antioxidant effect and damage of 
myelinated axons from increased free radicals.*? Pathologic studies have 
demonstrated swollen and degenerated posterior and spinocerebellar tracts in 
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KEY POINTS 


@ MRI in patients with 
vitamin Biz deficiency 
classically demonstrates T2 
hyperintensity in the dorsal 
columns spanning multiple 
levels, with an “inverted V” 
or “rabbit ears” appearance 
on axial sections, although 
MRI is normal in 60% to 85% 
of patients in large case 
series. 


@ Patients with neurologic 
manifestations of vitamin B42 
deficiency should be 
treated with IM vitamin B42 
1000 ug 1 to 3 times weekly 
for 2 weeks, or until serum 
level surpasses 300 pg/mL, 
followed by 1000 ug 
monthly. 


@ Nitrous oxide myelopathy 
can present subacutely in 
patients who chronically 
abuse nitrous oxide but may 
also occur acutely after a 
single exposure 
(recreational or in the 
context of anesthesia) in 
patients with preexisting 
vitamin Biz deficiency. 


@ The most common causes 
of folate deficiency include 
inadequate dietary intake 
(eg, primarily grain-based 
and meat-based diets, 
alcohol use disorder), 
increased folate 
requirement (pregnancy, 
sickle cell disease, 
hematologic malignancies), 
and impaired absorption 
(bariatric surgery, 
inflammatory bowel 
disease). 


@ Although folate 
deficiency is often defined 
as less than 3 ng/mL, up to 
5% of healthy, asymptomatic 
individuals may have serum 
folate below this level, so 
low serum folate does not 
confirm folate deficiency as 
the cause of neurologic 
symptoms. 
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the absence of inflammation or demyelination. Axonal loss in the cerebellum and 
peripheral sensory nerves has also been observed.*? 


Treatment and Prognosis 
Oral vitamin E repletion can be used except in cases of severe malabsorption, 
in which IM or IV vitamin E should be considered. The precise dose for repletion 
varies based on the cause of vitamin E deficiency. In adults with fat 
malabsorption due to intestinal disease or resection, repletion is usually initiated 
at 200 mg/d to 300 mg/d and adjusted as needed to obtain normalization of 
serum vitamin E levels; doses up to 3000 mg daily have been used.” In patients 
with cystic fibrosis, oral vitamin E 100 mg/d can be used to prevent deficiency. 
Neurologic improvement in vitamin E myelopathy can vary from minimal to 
full recovery and often depends on the etiology and severity of vitamin E 
deficiency. In one study of 132 children with a genetic cause of vitamin E 
deficiency, vitamin E repletion stabilized neurologic symptoms in close to 
one-third of patients and improved symptoms in about one-half of patients.?° 


COPPER DEFICIENCY 

Copper is essential for aerobic metabolism, protection of cellular membranes 
against free-radical damage, and red blood cell and neurotransmitter synthesis. 
Copper is predominantly found in shellfish, nuts, seeds, red meat, and whole 
grains and is absorbed primarily in the stomach and duodenum.* 

Given that dietary requirement for copper is low, copper deficiency secondary 
to insufficient intake is rare. Conditions predisposing to copper deficiency 
include parenteral nutrition (without copper supplementation), nephrotic 
syndrome, gastrectomy or gastric bypass surgery (the most common cause in the 
United States) ,** jejunectomy, celiac disease, and Menkes disease (genetic 
disorder of copper transport). Copper deficiency can also be caused by excessive 
zinc intake (eg, oral zinc supplements or zinc-containing denture cream) or the 
medication penicillamine (rarely used to treat rheumatoid arthritis or prevent 
kidney stones) 34 


Clinical Presentation 

Copper deficiency can cause a neurologic presentation indistinguishable from 
vitamin B,, deficiency: subacute combined degeneration of the dorsal columns 
and corticospinal tracts that may be accompanied by peripheral neuropathy. In 
cases resulting from gastrointestinal surgeries, neurologic signs of copper 
deficiency may emerge as late as 10 to 20 years after surgery.” 


Laboratory and Radiology Findings 

Copper deficiency is diagnosed by decreased serum copper (below 0.75 ug/mL) 
and ceruloplasmin (below 21.5 mg/dL). Low urine copper is also commonly 
present (below 20 pg per 24 hours). Anemia, leukopenia, or thrombocytopenia is 
seen in more than 75% of patients.*? MRI of the spine most commonly 
demonstrates T2 hyperintensities in the posterior columns, but may be normal in 
approximately one-half of cases.” 


Pathophysiology 


The precise pathophysiology of copper deficiency myelopathy has not been 
elucidated. Hypotheses include copper-dependent dysfunction in cytochrome c 


FEBRUARY 2024 


oxidase, the methylation cycle, or methionine synthase causing secondary 
damage to the dorsal columns and corticospinal tracts.” In rare pathologic 
descriptions of copper deficiency myelopathy, demyelination of the spinal cord 
white matter and wallerian degeneration of axons are seen.» 


Treatment and Prognosis 

Patients with normal absorption are generally treated with 2 mg daily of 
elemental copper, although an induction approach with dosing of 6 mg/d for 

1 week, 4 mg/d for 1 week, and 2 mg/d thereafter has also been suggested.” A 
dose of up to 8 mg daily may be required in patients with malabsorption.» IV 
copper may be considered in cases caused by surgical small bowel or gastric 
resection. Adequate copper repletion should lead to stabilization of neurologic 
symptoms and prevention of further decline. Although neurologic recovery may 
occur over days to weeks, it is often incomplete. Less severe symptoms at the 
time of diagnosis generally indicate a more favorable prognosis.” *” Serum 
copper testing is generally reevaluated after 3 to 6 months of repletion to assess 
for normalization.** 


KONZO 

Konzo is an acute spastic myelopathy caused by cyanide toxicity secondary to 
ingestion of the bitter cassava root.>*° Cassava is a dietary staple in parts of 
Africa and Southeast Asia, and outbreaks of konzo have been reported on the 
African continent.?? ** Konzo is most commonly seen in periods of drought due 
to the increased cyanide content of cassava root in dry growing conditions.** 
Protein malnutrition appears to be a risk factor for konzo, which has most 
frequently been described in children and young women, although it can affect 
individuals of all ages.°? 


Clinical Presentation 

Myelopathy in konzo is acute in onset, with symptoms reaching a nadir within 
hours to days. Onset commonly occurs after physical exertion such as a long walk 
or manual labor. Symptoms of lower extremity cramping, sometimes 
accompanied by paresthesia and myalgias, rapidly progress to spasticity with 
scissoring gait. There is no flaccid phase,*? and sphincter and sexual function are 
preserved.*? Rarely, patients may develop dysphagia, dysarthria, nystagmus, 
optic neuropathy,*° or neurocognitive impairment.** 


Laboratory and Radiology Findings 

Because konzo outbreaks have historically occurred in regions with limited 
capacity for advanced diagnostics, clinical criteria have been created by the 
World Health Organization, requiring (1) cassava as a staple food, (2) sudden- 
onset leg weakness (less than 1 week), (3) nonprogressive course, (4) symmetric, 
spastic gait, and (5) hyperreflexia.* Diagnostic testing with MRI and CSF are 
generally normal in affected patients, with the exception of one report of MRI 
demonstrating T2 hyperintensity in the dorsal columns*®; however, these 

tests are often unavailable in endemic regions. Elevated levels of thiocyanate 

(a cyanide metabolite) in urine or plasma have been observed in patients with 
konzo.*” However, not all individuals with elevated blood or urine thiocyanate 
develop konzo, and additional risk factors such as protein malnutrition, genetic 
predisposition, or other environmental toxins may also play a role.*? 
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KEY POINTS 


@ Treatment of folate 
deficiency myelopathy is 
oral folate replacement: 

5 mg of folic acid daily for 
4 months (or until term if 
related to pregnancy) 
followed by 1 mg daily in 
patients with normal 
absorption, or up to 15 mg to 
30 mg daily in patients with 
malabsorption. 


@ Conditions that increase 
the risk of vitamin E 
deficiency include cystic 
fibrosis, 
abetalipoproteinemia, 
ataxia with vitamin E 
deficiency, cholestatic and 
hepatobiliary disorders, 
inflammatory bowel 
disease, and surgical 
resection of the small 
intestine. 


@ Vitamin E deficiency is a 
rare cause of a subacute to 
chronic myelopathy 
predominantly affecting the 
dorsal columns. 


@ Oral vitamin E repletion 
can be used except in cases 
of severe malabsorption, in 
which IM or IV vitamin E 
should be considered. The 
precise dose for repletion 
varies based on the cause of 
vitamin E deficiency. 


@ Conditions predisposing 
to copper deficiency 
include parenteral nutrition 
(without copper 
supplementation), nephrotic 
syndrome, gastrectomy or 
gastric bypass surgery (the 
most common cause in the 
United States), jejunectomy, 
and Menkes disease 
(genetic disorder of copper 
transport). 
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Pathophysiology 

Cassava contains linamarin, which is converted to cyanide by gut flora after 
ingestion. The severity of neurologic damage from cyanide toxicity is thought to 
be dose dependent, but the mechanism by which cyanide causes myelopathy is 
not known. It is hypothesized that chronic elevations in blood cyanide may cause 
toxicity to long myelinated tracts.’ No human autopsy studies have been 
performed, but an animal model demonstrated demyelination, glial 
proliferation, and cytoplasmic granules in glial cells of the corticospinal tracts 
after 6 weeks of cyanide exposure.’ 


Treatment and Prognosis 

Although konzo is irreversible, it is not progressive after the early period, with 
initial deficits remaining static for up to decades after the inciting event.4°4”* 
There is no known effective cure for the condition, and symptomatic treatments 
for spasticity such as botulinum toxin, antispasmodics, and surgical tendon 
release are often unavailable in endemic regions. Therefore, care is often 
supportive with walking aids and physical therapy.*°*” 

Public health efforts focused on the prevention of konzo have taught a 
cassava “wetting” method (involving longer soaking time during processing) 
that has been shown to effectively reduce cassava cyanide content, reduce 
blood thiocyanate levels, and prevent konzo outbreaks in high-prevalence 
areas.*?° 


LATHYRISM 

Lathyrism refers to myelopathy caused by chronic ingestion of grass pea 
(Lathyrus sativus, also known as chickling pea), a drought-resistant and 
flood-resistant legume most often ground to flour. Lathyrism is most commonly 
seen in Southeast Asia and North Africa. Similar to konzo, lathyrism is seen more 
commonly in the setting of protein malnutrition.” In contrast to konzo, 
lathyrism predominantly affects adult men. 


Clinical Presentation 

Lathyrism causes subacute spastic paraparesis evolving over weeks that emerges 
several months after significant dietary consumption of grass pea. Sensation and 
sphincter function are generally spared. Spasticity is usually out of proportion to 
weakness, which may be mild.” Rarely, a concurrent distal symmetric sensory 
polyneuropathy can be seen.” Similar to konzo, onset may be triggered by 
significant physical activity. In some cases, mild improvement in initial 
symptoms has been reported prior to the establishment of permanent disability.” 


Laboratory and Radiology Findings 

Lathyrism is a clinical diagnosis based on symptoms and signs in the context 
of dietary history. There are no serum tests available to confirm the diagnosis. 
MRI is generally less available in endemic regions, but when obtained has 
been normal.”* 


Pathophysiology 

The pathophysiology of lathyrism is not fully understood, but it is hypothesized 
to be caused by toxicity to spinal neurons from B-N-oxalylamino-L-alanine, a 
toxin present in the grass pea that can cause neuronal death in vitro and has led to 
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a spastic myelopathy in animal models.*”” Limited pathologic studies have 
demonstrated degeneration of corticospinal tracts and anterior horn cells.” 


Treatment and Prognosis 

Similar to konzo, lathyrism is permanent and irreversible, although it is usually 
not progressive unless there is significant ongoing ingestion of grass pea. 
Treatment is supportive with walking aids, physical therapy, and 
antispasmodics. A public health focus on prevention is imperative; alternative 
preparation methods of the grass pea (eg, soaking prior to cooking, avoiding clay 
cooking utensils, avoiding raw consumption, mixing with other grains) have 
been associated with a reduced risk of lathyrism,>° but widespread education 
about these methods has not yet been implemented.” 


HEROIN MYELOPATHY 

Heroin (diacetylmorphine) is an opioid derived from chemical processing of 
morphine. Routes of administration include IV injection, insufflation (snorting), 
or inhaling vapors from heroin heated over a flame (called chasing the dragon). 
According to the National Survey on Drug Use and Health conducted by the 
US Department of Health and Human Services, more than 900,000 individuals 
in the United States older than 12 years used heroin in 2020.” 


Clinical Presentation 

Heroin-associated myelopathy most commonly occurs in patients with a history 
of prior chronic extensive heroin use who resume heroin consumption after 
several months of abstinence,” 63 although myelopathy may occur with chronic 
use without a period of abstinence or rarely after first-time use.© Patients 
typically awaken from a heroin-induced stupor with acute paraplegia, although 
myelopathy may also rarely develop over weeks of heroin use.°° Heroin- 
associated myelopathy is usually a complete transverse myelopathy (affecting 
motor, sensory, and sphincter function), although dorsal column function is 
spared in some cases.° 


Laboratory and Radiology Findings 

MRI typically demonstrates cord expansion with longitudinally extensive 

T2 hyperintensity spanning the cervical region, thoracic region, or both. Signal 
change is most commonly transverse”? but may involve gray matter only®® or 
may be limited to the corticospinal tracts and posterior columns.°° Patchy 
enhancement has been reported in some cases**>”®” but may be absent; diffusion 
restriction has been reported in one case.°” In one reported case in which spinal 
angiography was performed, irregular vessel caliber was observed, suggesting 
vasculopathy.*” 

CSF is generally unremarkable, but a significant inflammatory response with 
elevated CSF white blood cell count and protein has been described in one case®” 
and elevated CSF levels of glial fibrillary acidic protein (GFAP) and 
neurofilament light chain in another.” 


Pathophysiology 

The underlying mechanism of heroin-induced myelopathy is unknown. 
Hypotension (due to opiate effect or hypersensitivity reaction to cutting agent), 
the direct toxic effect of heroin or a contaminant, vasculitis, and hyperextension 
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KEY POINTS 


@ Copper deficiency may 
be caused by excessive zinc 
intake (eg, oral zinc 
supplements or 
zinc-containing denture 
cream) or the medication 
penicillamine (rarely used to 
treat rheumatoid arthritis or 
prevent kidney stones). 


@ Copper deficiency can 
cause a neurologic 
presentation 
indistinguishable from 
vitamin Biz deficiency: 
subacute combined 
degeneration of the dorsal 
columns and corticospinal 
tracts that may be 
accompanied by peripheral 
neuropathy. 


@ MRI of the spine in 
patients with copper 
deficiency most commonly 
demonstrates T2 
hyperintensities in the 
posterior columns but may 
be normal in approximately 
one-half of cases. 


@ Konzo is an acute spastic 
myelopathy caused by 
cyanide toxicity secondary 
to ingestion of the bitter 
cassava root. 


@ Cassava is a dietary staple 
in parts of Africa and 
Southeast Asia, and 
outbreaks of konzo have 
been reported on the 
African continent. 


@ Myelopathy in konzo is 
acute in onset, with 
symptoms reaching a nadir 
within hours to days. 


@ The onset of konzo 
commonly occurs after 
physical exertion such as a 
long walk or manual labor. 
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injury (due to prolonged stupor in a fixed position) have been proposed.°* 9 


Hypotension as the sole mechanism has been challenged since reported cases do 
not have concurrent watershed strokes in the brain as may be expected with a 
state of global hypoperfusion.>**? Inflammatory CSF or pathologic findings 
appear rare in reported cases, making vasculitis or another inflammatory 
mechanism less likely. In one case following inhalation that affected the posterior 
columns and corticospinal tracts specifically, the release of nitrous oxide was 
postulated.°° 

Autopsy specimens of the spinal cord in heroin-associated myelopathy 
have most commonly shown necrosis predominantly affecting the gray matter 
without inflammation.®”® In one case, parenchymal and vascular inflammation 
were seen with refractile particles in vessel walls suggesting vasculitis attributed 
to an adulterant.™ 


Treatment and Prognosis 

Patients often make a partial or complete recovery over weeks to months, 
although some patients do not recover. A short course of high-dose IV 
corticosteroids has been used to treat patients in some reports with variable 
results.°°°°%7 


HEPATIC MYELOPATHY 

Hepatic myelopathy is a relatively rare complication of liver disease, 
occurring in an estimated 2% of patients with severe liver failure.’° It occurs in 
patients with cirrhosis leading to portosystemic (portacaval) shunting that 
causes the systemic circulation to bypass the liver. Such shunting may occur 
spontaneously in patients with severe portal hypertension or may be surgically 
created (via vascular anastomoses or endovascular transjugular intrahepatic 
portosystemic shunt [TIPS] procedure) as treatment of portal hypertension to 
prevent variceal bleeding. 


Clinical Presentation 

Hepatic myelopathy can develop several months to 10 or more years after 
shunting.” ”? It most often occurs in patients with liver disease severe enough to 
cause recurrent episodes of hepatic encephalopathy, although cases of patients 
developing hepatic myelopathy without encephalopathy 

(or who subsequently develop encephalopathy after presenting with 
myelopathy) have been reported.’””*’* Patients most commonly present with 
subacute progressive paraparesis without upper extremity weakness, sensory 
involvement, or sphincter dysfunction, although these findings have been 
reported in rare cases.’””? 


Laboratory and Radiology Findings 

Serum ammonia is often elevated and other laboratory evidence of hepatic 
dysfunction is usually present (elevated aspartate transaminase [AST] and 
alanine transaminase [ALT], decreased albumin). MRI of the spine and CSF 
analysis are normal. MRI of the brain may reveal T1 hyperintensity in the globus 
pallidus and substantia nigra, features of acquired hepatocerebral degeneration 
that are not specific to hepatic myelopathy.” In one case of hepatic myelopathy, 
MRI of the brain demonstrated T2 hyperintensity in the corticospinal tracts 
that improved after liver transplantation.”° 
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Pathophysiology 

The exact mechanism of hepatic myelopathy is unknown. Hypotheses include toxic 
unmetabolized substances bypassing the liver, deficiency in a nutrient normally 
produced or processed by the liver, or hypoperfusion of the spinal cord due to 
shunt-induced hemodynamic changes.’””? Pathologic studies have demonstrated 
demyelination of the lateral corticospinal tracts, with axonal loss reported in 
advanced cases.’””3 Rarely, additional involvement of the anterior (ventral) 
corticospinal tracts, dorsal columns, and spinocerebellar tracts has been reported.’””” 


Treatment and Prognosis 

Liver transplantation has been reported to lead to significant improvement 
and appears to be most effective when performed early in the course of the 
condition.”°”7 In patients who develop hepatic myelopathy after TIPS, 
endovascular occlusion of the TIPS may lead to clinical improvement.”””* 
Ammonia-lowering interventions that can treat hepatic encephalopathy 
(eg, lactulose, protein restriction) are generally ineffective. 


MYELOPATHY ASSOCIATED WITH CANCER TREATMENT 

Neurologic conditions in patients with cancer can be caused by the invasion or 
compression of neurologic structures (due to primary tumors or metastases), 
paraneoplastic disorders, and toxicity of cancer treatment (chemotherapy and 
radiation therapy). Myelopathy in the first scenario is discussed in the article 
“Neoplasms of the Spinal Cord” by J. Ricardo McFaline-Figueroa, MD, PhD,”? 
in this issue of Continuum. Paraneoplastic myelopathies are reviewed in the 
article “Immune-Mediated Myelopathies” by Michael Levy, MD, PhD, 
FAAN,® also in this issue. Here, myelopathy due to intrathecal chemotherapy, 
ICIs, and radiation therapy is discussed. 


Myelopathy Associated With Intrathecal Chemotherapy 

Intrathecal methotrexate and cytarabine are used in the treatment of and 
prophylaxis for central nervous system metastases, most commonly in the setting 
of hematologic malignancies such as leukemia and lymphoma. Intrathecal 
chemotherapy can cause arachnoiditis, myelopathy, or both.***3 Both 
complications occur in less than 1% of patients.** 

Although systemic chemotherapy with platinum-based therapies may cause 
the Lhermitte sign classically associated with cervical myelopathy, normal spine 
MRI, lack of evidence of dorsal column dysfunction on somatosensory evoked 
potential testing, and decreased peripheral nerve refractoriness on 
electrophysiologic evaluation in these patients has led to the hypothesis that the 
mechanism is likely hyperexcitability of peripheral nerves, dorsal root ganglia, or 
both, rather than true myelopathy. *4 


CLINICAL PRESENTATION. Arachnoiditis due to intrathecal chemotherapy presents 
within days of administration with lumbosacral radiculopathy causing 
paraplegia, saddle anesthesia, and bowel or bladder incontinence.*”* 

Myelopathy due to intrathecal chemotherapy typically presents weeks to 
months following initiation of treatment, occurring after a median of 17 cycles of 
intrathecal chemotherapy (range, 3 to 36 cycles).*? Myelopathy in this context 
tends to predominantly affect the lower extremities and is usually transverse, 
causing deficits in motor, sensory, and sphincter function.” 
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KEY POINTS 


@ Although konzo is 
irreversible, it is not 
progressive after the early 
period, with initial deficits 
remaining static for up to 
decades after the inciting 
event. 


@ Lathyrism refers to 
myelopathy caused by 
chronic ingestion of grass 
pea (Lathyrus sativus, also 
known as chickling pea), a 
drought-resistant and 
flood-resistant legume most 
often ground to flour. 


@ Lathyrism is most 
commonly seen in Southeast 
Asia and North Africa. 


@ Lathyrism causes 
subacute spastic 
paraparesis evolving over 
weeks that emerges several 
months after significant 
dietary consumption of 
grass pea. 


@ Heroin-associated 
myelopathy most commonly 
occurs in patients with a 
history of prior chronic 
extensive heroin use who 
resume heroin consumption 
after several months of 
abstinence, although 
myelopathy may occur with 
chronic use without a period 
of abstinence or rarely after 
first-time use. 


@ Heroin-associated 
myelopathy is usually 
transverse (affecting motor, 
sensory, and sphincter 
function), although dorsal 
column function is spared in 
some cases. 


@ Hepatic myelopathy may 
occur in patients with 
cirrhosis leading to 
portosystemic (portacaval) 
shunting that causes the 
systemic circulation to 
bypass the liver. 
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LABORATORY AND RADIOLOGY FINDINGS. Serum folate may be decreased in 
intrathecal methotrexate—associated neurotoxicity.°? MRI in intrathecal 
chemotherapy-associated arachnoiditis can show clumping and enhancement of 
lumbosacral nerve roots.**** In intrathecal chemotherapy-associated 
myelopathy, MRI most commonly demonstrates longitudinally extensive T2 
hyperintensity in the dorsal columns, as is seen in subacute combined 
degeneration.*”* Spinal cord enhancement is usually absent but has been rarely 
reported in a minority of cases.°3°5 

CSF analysis in both conditions demonstrates elevated protein. A pleocytosis 
has rarely been described with arachnoiditis.* In cases of arachnoiditis, CSF 
cytology and flow cytometry should be obtained to evaluate for leptomeningeal 
spread of malignancy since the imaging appearance may be similar to that seen 
in arachnoiditis. CSF myelin basic protein may be elevated in cases of 
intrathecal chemotherapy-associated arachnoiditis and has therefore been 
proposed as a potential marker to distinguish this condition from neoplastic 
involvement.*”*3 


PATHOPHYSIOLOGY. Intrathecal chemotherapy-—associated myelopathy and 
arachnoiditis were initially attributed to preservatives in the diluents of 
intrathecal chemotherapy, but these conditions have continued to occur in 
patients receiving preservative-free agents.*****> Pathogenesis of intrathecal 
methotrexate—associated myelopathy is currently thought to be due to 
methotrexate-induced folate deficiency via the mechanism discussed above for 
folate deficiency myelopathy.** *? On pathologic examination, one case 
demonstrated axonal loss in the fasciculus gracilis with preservation of myelin; 
in another, complete transverse necrosis of the thoracic cord was observed with 
relative preservation of central gray matter.* 


TREATMENT AND PROGNOSIS. Improvement in myelopathy may be seen with the 
discontinuation of intrathecal chemotherapy, but patients often subsequently 
worsen due to complications of their underlying malignancy.** A combination of 
the folate metabolites S-adenosyl methionine, folinate, cyanocobalamin, and 
methionine led to resolution of clinical deficits and imaging abnormalities in one 
case.*° Dextromethorphan has led to improvement in methotrexate-associated 
neurotoxicity affecting the brain,*” but has had mixed results when utilized in 
patients with myelopathy.*”*? Overall, prognosis is generally poor due to the 
severity of the underlying disease.” 


Myelopathy Associated With Immune Checkpoint Inhibitors 
ICIs have become a mainstay of treatment of melanoma, non-small cell lung 
cancer, and other malignancies. Through inhibition of programmed cell death 
protein 1 (PD-1; pembrolizumab, nivolumab), programmed cell death-ligand 1 
(PD-L1; durvalumab, atezolizumab, avelumab), or cytotoxic T-lymphocyte 
antigen-4 (CTLA-4; ipilimumab, tremelimumab), these agents lead to increased 
immune activation against neoplastic cells, but may also cause autoimmune 
adverse effects.***9 

Autoimmune neurologic complications of ICIs have been reported to occur in 
1% to 12% of patients treated with these agents, with severe neurologic adverse 
events in approximately 1%.***? Patients receiving combination therapy with 
multiple ICIs have a higher risk of neurologic adverse events.*? ICI-associated 
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myelitis is relatively uncommon, accounting for 2% to 4.8% of ICI-associated 
neurologic complications.?°™* 


CLINICAL PRESENTATION. IC]-associated myelitis is typically acute and transverse, 
affecting motor and all sensory modalities as well as sphincter function. It most 
commonly affects the thoracic cord leading to paraplegia, although the upper 
extremities may rarely be involved.”* Concurrent meningitis, encephalitis, 
radiculitis, or neuropathy (including cranial neuropathy) may accompany 
myelitis.”* In a series of seven cases, myelitis occurred after a median of 7 cycles 
of ICI treatment (range, 3 to 51 cycles).?* 


LABORATORY AND RADIOLOGY FINDINGS. MRI most commonly demonstrates 
longitudinally extensive T2 hyperintensity of the spinal cord with patchy 
contrast enhancement, although shorter-segment lesions may occur and contrast 
enhancement may rarely be absent.”* CSF protein is typically increased (median, 
80 mg/dL to 183 mg/dL; range, 32 mg/dL to 520 mg/dL across two series) and a 
lymphocytic pleocytosis is common (median, 24 cells/uL to 97 cells/uL; range, 

3 cells/pL to 900 cells/uL across two series).?°* Unique CSF oligoclonal bands 
have been reported in some cases.?™?? In some patients, autoantibodies may be 
present including anti-aquaporin 4, anti-GFAP, and other antibodies to 
unknown neural antigens.”* 


PATHOPHYSIOLOGY. The pathogenesis of ICI-associated neurologic toxicity is 
thought to be enhanced autoimmunity against nervous system structures. Some 
ICI-associated neurologic complications may represent unmasking of an 
underlying paraneoplastic neurologic syndrome.” In patients with a preexisting 
paraneoplastic neurologic disorder, ICIs may lead to irreversible worsening, 
leading some experts to recommend screening for neuronal autoantibodies 
before ICI initiation in patients with unexplained neurologic symptoms or if the 
patient’s cancer has a high risk of association with paraneoplastic syndromes (eg, 
small cell lung cancer, thymoma).”* 


TREATMENT AND PROGNOSIS. For ICI-associated myelitis, treatment guidelines are 
based on syndrome severity: for mild (grade 1) symptoms (defined as no 
interference with function and not concerning to the patient), ICIs may be 
continued with close observation; for moderate (grade 2) symptoms (defined as 
symptoms causing limitation in age-appropriate instrumental activities of daily 
living), ICIs should be stopped and treatment initiated with prednisone 1 mg/kg 
daily tapered over 1 month; for severe (grades 3 and 4) symptoms (grade 3: 
defined as limiting self-care activities of daily living; grade 4: defined as 
life-threatening), ICIs should be permanently discontinued and treatment 
initiated with IV methylprednisolone (1 g/d) with escalation to intravenous 
immunoglobulin (IVIg) or plasma exchange if symptoms do not begin to 
improve after 3 days.*? In patients with refractory symptoms, cyclophosphamide, 
infliximab, tocilizumab, and natalizumab have been used.” Improvement or 
stabilization is seen in some patients, but others may not improve and relapses 
may occur??? 

The decision to rechallenge a patient with an ICI after an ICI-associated 
neurologic toxicity must balance the potential oncologic benefit with the risk of 
triggering further neurologic autoimmunity.” Data on rechallenging 
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KEY POINTS 


@ Liver transplantation has 
been reported to lead to 
significant improvement in 
hepatic myelopathy and 
appears to be most 
effective when performed 
early in the course of the 
condition. 


@ Intrathecal chemotherapy 
can cause arachnoiditis, 
myelopathy, or both. 


@ Arachnoiditis due to 
intrathecal chemotherapy 
presents within days of 
administration with 
lumbosacral radiculopathy 
causing paraplegia, saddle 
anesthesia, and bowel and 
bladder incontinence. 


@ Myelopathy due to 
intrathecal chemotherapy 
typically presents weeks to 
months following initiation 
of treatment, occurring after 
a median of 17 cycles of 
intrathecal chemotherapy 
(range, 3 to 36 cycles). 


@ In intrathecal 
chemotherapy-associated 
myelopathy, MRI most 
commonly demonstrates 
longitudinally extensive T2 
hyperintensity in the dorsal 
columns as is seen in 
subacute combined 
degeneration. 


@ Autoimmune neurologic 
complications of immune 
checkpoint inhibitors (ICIs) 
have been reported to occur 
in 1% to 12% of patients 
treated with these agents, 
with severe neurologic 
adverse events in 
approximately 1%. 


@ ICl-associated myelitis is 
relatively uncommon, 
accounting for 2% to 4.8% of 
ICl-associated neurologic 
complications. 
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patients with IC]-associated neurologic toxicity are limited. In one series, five 
patients with mild-to-moderate (grades 2 and 3) neurotoxicity (one of whom had 
myelitis) were rechallenged with the same or a different ICI regimen and did not 
experience relapse of neurologic toxicity; all improved spontaneously or with 
steroids and had only mild sequelae before rechallenge.”* In a larger series, 
recurrence of neurologic toxicity after rechallenge occurred in 3 out of 19 patients 
(16%) with ICI-associated neurologic toxicity, although no cases of myelitis 
were included.” 


Radiation-induced Myelopathy 

Myelopathy can develop when the spinal cord is exposed to radiation therapy for 
the treatment of primary spinal cord tumors, spinal metastases, or cancers of the 
head and neck, mediastinum, chest, and upper abdomen in which the spinal cord 
is in the radiation field. Although modern modalities of radiation delivery and 
improved techniques for treatment planning have reduced the risk of radiation 
myelopathy, patients with cancer are living longer due to advances in 
chemotherapy and may therefore require reirradiation, increasing the risk of 
radiation injury to the spinal cord.° 


A 64-year-old woman presented with several months of difficulty 
walking and hand clumsiness. She reported that her legs felt “stuck,” 
causing several falls, and that she had numbness in her hands. There was 
no bowel or bladder dysfunction. She had been treated 20 years prior for 
Hodgkin lymphoma including mantle irradiation. 

On examination, she had weakness in hip flexion, knee flexion, and 
foot dorsiflexion bilaterally with diminished sensation to pinprick and 
vibration, brisk reflexes, upgoing toes, and mild spasticity of the lower 
extremities. She had normal strength in her upper extremities but 
decreased sensation to pinprick and vibration and brisk reflexes. She 
swayed but did not fall when evaluating for Romberg sign and had a 
slightly spastic gait. 

MRI demonstrated patchy longitudinally extensive T2 hyperintensity in 
the spinal cord with T1 hyperintensity in the vertebral bodies in the 
radiation field. Her serum vitamin B,2 level was normal, and CSF analysis 
was unremarkable. She was diagnosed with radiation myelopathy 
(FIGURE 9-2). 

Her spasticity was treated with baclofen with mild improvement, but 
she continued to progress slowly over subsequent years, ultimately 
requiring a wheelchair. 


Delayed radiation myelopathy may develop up to decades following radiation 
therapy. Although the prevalence of radiation myelopathy has decreased 
with advances in radiation therapy techniques, patients may have received 
higher doses to larger radiation fields when treated in the past such as in the 
case of mantle irradiation for lymphoma. Bevacizumab holds promise as a 
potential treatment of radiation myelopathy, but data are limited. 
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The risk of permanent radiation damage to nervous system tissue correlates 
with the total radiation dosage and the dose per fraction of radiation delivered. 
Whether the volume of spinal cord exposed to radiation contributes significantly 
to the risk of complications (as is the case for the brain) is debated.°”* 
Recommended limits to the total dose and individual fractions and their 
predicted risk of myelopathy have been published for conventional fractionated 
external beam therapy for systemic cancers in which the spinal cord may be 
exposed to radiation (eg, head and neck cancers in which the cervical spinal cord 
is in the treatment field)?” and stereotactic body radiation therapy for spinal 
metastases.”? Radiation myelopathy is uncommon with stereotactic radiosurgery 
for spinal tumors, occurring in less than 0.6% of patients.*°° 


CLINICAL PRESENTATION. Radiation can cause an early transient myelopathy within 
weeks to months of treatment and a delayed myelopathy that may occur months 
to years later. 

Early radiation myelopathy is characterized by the Lhermitte sign in 
isolation without other features of myelopathy, emerging from 2 weeks to 
5 months (mean, 3 months) following completion of radiation therapy.’ It 


FIGURE 9-2 


Sagittal MRI of the spine showing radiographic changes characteristic of delayed radiation 
myelopathy. A, T2-weighted image shows longitudinally extensive hyperintensity throughout 
the cervical and thoracic spinal cord. B, Postcontrast Ti-weighted image shows T1 
hyperintensity in the vertebral bodies and contrast enhancement in the upper cervical and 
upper thoracic regions of the spinal cord. 

Reprinted with permission from Kara B, et al, J Pediatr Hematol Oncol.'"°$ © 2020 Wolters Kluwer Health. 
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KEY POINTS 


@ Concurrent meningitis, 
encephalitis, radiculitis, or 
neuropathy (including 
cranial neuropathy) may 
accompany ICl-associated 
myelitis. 


@ MRI in patients with 
ICl-associated myelitis most 
commonly demonstrates 
longitudinally extensive T2 
hyperintensity of the spinal 
cord with patchy contrast 
enhancement, although 
shorter-segment lesions 
may occur and contrast 
enhancement may rarely be 
absent. 


@ Some ICl-associated 
neurologic complications 
may represent unmasking of 
an underlying 
paraneoplastic neurologic 
syndrome. 


@ The decision to 
rechallenge a patient with 
an ICI after an ICl-associated 
neurologic toxicity must 
balance the potential 
oncologic benefit with the 
risk of triggering further 
neurologic autoimmunity. 


@ The risk of permanent 
radiation damage to nervous 
system tissue correlates 
with the total radiation 
dosage and the dose per 
fraction of radiation 
delivered. Whether the 
volume of spinal cord 
exposed to radiation 
contributes significantly to 
the risk of complications (as 
is the case for the brain) is 
debated. 


@ Early radiation 
myelopathy is characterized 
by Lhermitte sign in isolation 
without other features of 
myelopathy, emerging from 
2 weeks to 5 months (mean, 
3 months) following 
completion of radiation 
therapy. 
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has been reported in 3.6% of patients who have received radiation for head 
and neck cancers, occurring at total radiation doses to the cervical cord as low 
as 36.5 Gy and more frequent at total doses greater than 50 Gy or radiation 
fractions higher than 2 Gy.*®* Higher incidence (9%) was seen in the past 
when mantle irradiation was widely used for the treatment of Hodgkin 
lymphoma.*°* 

Delayed radiation myelopathy can occur in patients in whom the spinal cord is 
exposed to radiation during treatment of cancers of the head and neck (cervical 
cord) or of the lung, mediastinum, or upper abdomen (thoracic cord) 

(CASE 9-2°°). Patients typically develop a subacute to chronic progressive 
transverse myelopathy that may present initially as Brown-Séquard 
syndrome.*** In the largest reported series (35 patients who developed delayed 
radiation myelopathy between 1955 and 1985), symptoms emerged 7 months to 
nearly 5 years (mean, 18.5 months) from the initiation of radiation, with a shorter 
latency to the development of myelopathy in patients who were reirradiated.* 
All patients in this series received doses higher than currently recommended total 
doses or dose fractions per day. In the same 30-year period there were no 
reported cases of delayed radiation myelopathy in patients whose radiation 
dosage was below currently recommended limits. 

Rarely, a delayed pure motor syndrome has been reported months to decades 
following radiation injury to the lumbosacral ventral nerve roots, most 
commonly associated with the treatment of testicular cancer.*°**°° Acute spinal 
cord hemorrhage decades following treatment has also been described, 
attributed to radiation-induced cavernous malformations.*°**°7 


LABORATORY AND RADIOLOGY FINDINGS. CSF analysis and spine MRI in early 
radiation myelopathy are normal. In delayed radiation myelopathy, CSF may be 
normal or may demonstrate elevated protein (up to 98 mg/dL in one series in 
which 9 out of 19 patients had elevated CSF protein).*™ 

MRI in delayed radiation myelopathy demonstrates cord swelling and 
longitudinally extensive T2 hyperintensity and T1 hypointensity that may be 
central, posterior, or transverse (FIGURE geo? Patchy or ring enhancement 
of the spinal cord lesion has been seen in up to 45% of cases,*°? and is usually 
more focal than the T2 hyperintensities.*°*“° Contrast enhancement may persist 
for up to 22 months.*°? Cord atrophy may appear as early as 10 months after 
onset, and T1 hyperintensity of the vertebral bodies within the radiation field is 
also commonly observed.*°? 


PATHOPHYSIOLOGY. Pathogenesis of radiation myelopathy is thought to be related 
to disruption of the blood-spinal cord barrier resulting in edema, upregulation of 
vascular endothelial growth factor (VEGF), and inflammation leading to 
demyelination.’ Radiation toxicity to oligodendrocytes and oligodendrocyte 
progenitor cells may also play a role.?° Autopsy studies have found 
demyelination with secondary axonal loss and necrosis as well as vascular 
changes including hyaline thickening, telangiectasia, vascular occlusion, and 
focal hemorrhage.?°"™* 


TREATMENT AND PROGNOSIS. Early radiation myelopathy is typically transient, 


lasting from less than 1 month to up to 22 months (mean, 6 months).*** It is not 
associated with an increased risk of delayed radiation myelopathy.*®* There is no 
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specific therapy, although a cervical collar may be considered to avoid 
provocation of the Lhermitte sign.*** 

Treatments for delayed radiation myelopathy that have been described in case 
reports and small series with varied success include corticosteroids, 
anticoagulation, hyperbaric oxygen, and bevacizumab.°° Bevacizumab holds 
particular promise for the treatment of radiation myelopathy based on 
extrapolation from a small randomized trial that demonstrated improvement in 
radiation-induced brain necrosis’? and a case report of significant clinical and 
radiologic improvement in one patient with radiation myelopathy."* 

Although the prognosis of delayed radiation myelopathy was historically poor 
(14% survival at 5 years and a median survival time of 8.3 months in one series 
from the 1950s to the 1980s),*™ 45% of patients demonstrated some 
improvement in a more recent series.*°? Given limited treatment options for 
delayed radiation myelopathy, the prevention of myelopathy through safe 
radiation dosing and administration is paramount. 


CONCLUSION 

A wide variety of metabolic and toxic causes of myelopathy have been described. 
The recognition of risk factors and neuroimaging findings is essential to 
diagnosis, noting that MRI may be normal in some entities. Therefore, patients 
with undiagnosed causes of myelopathy should be asked about diet, medications, 
drug use, and prior cancer treatment since the early recognition and treatment of 
many metabolic and toxic causes of myelopathy is associated with an 

improved prognosis. 
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Symptomatic Treatment 
of Myelopathy 


By Kathy Chuang, MD 


ABSTRACT 
OBJECTIVE: This article discusses the effects of myelopathy on multiple organ 
systems and reviews the treatment and management of some of these effects. 


LATEST DEVELOPMENTS: Recent advances in functional electrical stimulation, 
epidural spinal cord stimulation, robotics, and surgical techniques such as 
nerve transfer show promise in improving function in patients with 
myelopathy. Ongoing research in stem cell therapy and neurotherapeutic 
drugs may provide further therapeutic avenues in the future. 


ESSENTIAL POINTS: Treatment for symptoms of spinal cord injury should be 
targeted toward patient goals. If nerve transfer for upper extremity 
function is considered, the patient should be evaluated at around 6 months 
from injury to assess for lower motor neuron involvement and possible 
time limitations of surgery. A patient with injury at or above the T6 levelis at 
risk for autonomic dysreflexia, a life-threatening condition that presents 
with elevated blood pressure and can lead to emergent hypertensive 
crisis. Baclofen withdrawal due to baclofen pump failure or programming 
errors may also be life-threatening. Proper management of symptoms may 
help avoid complications such as autonomic dysreflexia, renal failure, 
heterotopic ossification, and fractures. 


INTRODUCTION 
he impact of myelopathy on the population is hard to quantify; 
although the most recent data available for traumatic spinal cord 
injury cite an incidence of 54 cases per 1 million people per year 
(estimated to be about 18,000 new cases per year) and a prevalence of 
about 299,000 people in the United States," this does not account for 
degenerative, inflammatory, vascular, neoplastic, or other causes of myelopathy. 
In addition to sensory and motor symptoms, patients with myelopathy are likely 
to have issues affecting multiple organ systems (TABLE 10-1), which may 
profoundly impact their activities of daily living and quality of life. This article 
reviews the management of some of these symptoms. 


SPASTICITY 

Spasticity is defined as a velocity-dependent increase in tone that can interfere 
with normal movement and positioning. Management of spasticity must have a 
specific goal (ie, contracture prevention, improvement of ambulation or pain). 
Practitioners must understand that some patients may rely on spasticity for their 
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activities and that fully eliminating spasticity may be detrimental to the patient; 
thus, input from the patient, family, and physical therapist is essential (CASE 10-1). 
Conservative management begins with stretching, splinting or bracing with 
orthotics, and strengthening antagonist muscles. Adjunctive nonpharmacologic 
therapies can include transcutaneous electrical stimulation, therapeutic 
ultrasound, temperature therapy, functional electrical stimulation, or robotic 


Possible Effects of Myelopathy 


Motor 

Weakness 

@ Spasticity 

Sensory 

@ Neuropathic pain 

@ Numbness 

@ Paresthesia 

@ Sensory ataxia 

Cardiovascular 

@ Autonomic dysreflexia 

+ Orthostatic hypotension 

Pulmonary 

@ Decreased lung capacity 
Gastrointestinal 

@ Neurogenic bowel: spastic or flaccid 
Genitourinary 

 Neurogenic bladder: spastic or flaccid 
Endocrine 

@ Osteoporosis 

@ Lower gonadotropin hormone levels 
Musculoskeletal 

¢ Osteoporosis 

+ Heterotopic ossification 
 Contractures 

@ Overuse injuries: tendonitis, bursitis, compression neuropathies 
Integumentary 

@ Decubitus ulcer 

Reproductive 

@ Sexual dysfunction 

Psychosocial 

@ Depression and increased risk of suicide 


@ Substance abuse 
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SYMPTOMATIC TREATMENT OF MYELOPATHY 


CASE 10-1 


therapy, although data on these therapies are limited, especially in patients 
with myelopathy”? 

Baclofen, tizanidine, dantrolene, and diazepam are currently the only US Food 
and Drug Administration (FDA)-approved oral medications for the treatment of 
spasticity (TABLE 10-2°). Baclofen and tizanidine are generally preferred 
first-line agents because of the addictive potential and sedation associated with 
diazepam and the possible hepatotoxic effect of dantrolene. Medications should 
be started at low dosages, and the response to treatment should be assessed 
regularly. 

Injections of botulinum toxin A are used for focal spasticity. Botulinum toxin 
works by blocking neuromuscular junction transmission, and its effects generally 
last about 3 months. Dosing of botulinum toxin is done incrementally, and the 
recommended maximum total dose is 400 units every 3 months, although more 
recent studies have suggested safety and efficacy with higher dosages.*© 
Consensus guidelines are available to help guide dosing based on indication and 
the targeted muscle.” 


A 56-year-old woman with relapsing-remitting multiple sclerosis 
presented with right forefoot pain and difficulty walking. She had 
residual right leg weakness and mild spasticity from a multiple sclerosis 
relapse 5 years ago. She broke her right hip 6 months ago, and because of 
complications from hospitalization, she was bedbound for several 
weeks. On examination, she had atrophy and weakness of her right lower 
leg with 1/5 foot dorsiflexion, 0/5 foot eversion, and 3/5 foot inversion 
and plantarflexion with significant Achilles tendon contracture to 30 
degrees. She ambulated with a right semisolid ankle-foot orthosis with a 
3-cm heel lift to relieve pressure on her forefoot. 

Botulinum toxin was injected into her right calf (a total dose of 
300 units) with no effect. A referral for a right tibial neurectomy was 
made. However, EMG did not demonstrate activation of motor units in 
the gastrocnemius or soleus during passive dorsiflexion, suggesting that 
spasticity was not a major contributor to her contracture. Rather than 


undergoing the tibial neurectomy, she was referred for right 
percutaneous Achilles tendon lengthening, which resulted in 
improvement of ankle range of motion, bracing tolerance, and 
ambulation. 
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This case illustrates the framework for the treatment of spasticity. A goal 
for treatment, improvement of ankle range of motion to improve forefoot 
pain, was defined. Conservative therapy, the bracing, was attempted first. 
After that failed, targeted therapy for focal spasticity, the botulinum toxin 
injection, was tried. Tibial neurectomy was considered, but because the 
patient had not had any benefit with botulinum injection, electrodiagnostic 
testing was performed to determine whether spasticity was a significant 
contributor to her ankle range of motion, and because it was not, she was 
referred for tendon lengthening instead. 
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Aqueous phenol injections (3% to 7%) were more commonly used before the 
advent of treatment with botulinum toxin. Injections are done at the motor point 
of the nerve to promote neurolysis and unlike botulinum toxin do not need to be 
repeated. However, the side effects of anesthesia and the complication of 
dysesthesias, which can be severe, have limited its use. Phenol is still used in 
combination with botulinum toxin, particularly when patients have developed 
antibodies to botulinum toxin or when the degree of spasticity exceeds the safe 
dose of botulism toxin. The obturator and posterior tibial nerves are the most 
common sites of phenol injections. Because the effects of phenol are long lasting, 
a trial of a local anesthetic block could be considered to assess the effect before 
the phenol injection.” 

Invasive techniques can be considered if conservative measures are not 
effective, only partially effective, or not tolerated. Intrathecal baclofen pumps 


Oral Medications Used to Treat Spasticity 


Name Mechanism of action Dosing Dose adjustment 

Baclofen® Agonist of beta subunit Initiate at 5 mg 3 times Caution with impaired 
of y-aminobutyric acid a day, increase every renal function 
(GABAs) receptor; inhibits 3 days until optimal 
reflexes at the spinal response; usual dose is 
cord level and brain 40-80 mg daily 

Tizanidine’ Centrally acting a-2 Initiate at 2 mg at Avoid or use with extreme 
receptor agonist; bedtime or every caution in hepatic 
enhances presynaptic 6-8 hours as needed; impairment; use 
inhibition of spinal increase by 2-4 mg per cautiously in renal 
motor neurons dose every 1-4 days impairment (clearance 


until optimal response; decreased >50%) 
maximum dose is 

36 mg daily divided 

over 3-4 doses 


Diazepam® Modulates GABA, Initiate at 2 mg twice Use with extreme caution 
receptor, daily or 5 mg at in older patients or 
reducing neuronal bedtime and can be patients with renal or 
excitability increased based on hepatic impairment 


need and tolerance. 
2-10 mg may be given 
2-4 times daily as 
needed; maximum 
dose is 40-60 mg/day 
in 3-4 divided doses 


Dantrolene’ Skeletal muscle Initiate 25 mg daily for  Contraindicated in 
ryanodine receptor 1 7 days and increase by patients with 
antagonist; inhibits 25mg every 7 days with liver disease 
release of calcium monitoring for desired 
from sarcoplasmic effect; usually 100 mg 
reticulum 3-4 times a day; 


maximum dose 100 mg 
4 times a day; monitor 
liver function tests 
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TABLE 10-2 


Side effects 


Withdrawal, and in abrupt 
discontinuation, seizures, 
and hallucinations; sedation, 
muscle weakness, 
confusion, vertigo, nausea 


Drowsiness, blurred vision, 
dizziness, asthenia, 
constipation, dyskinesia; can 
cause severe hepatotoxicity, 
QT prolongation, bradycardia, 
Stevens-Johnson syndrome; 
may induce withdrawal 
symptoms 


Dependency and abuse and 
possible withdrawal 
symptoms, respiratory 
depression, sedation, 
bradycardia, hypotension, 
cardiovascular collapse, 
paradoxical central nervous 
system stimulation, 
suicidality, confusion, ataxia, 
headache, tremor, dystonia, 
urinary retention, 
gastrointestinal symptoms 


Hepatotoxicity, skeletal 
muscle weakness 
(including respiratory 
weakness with dyspnea) 
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are useful for generalized and especially lower extremity spasticity. The pumps 
may be programmed to provide a basal flow or bolus dosing of intrathecal 
baclofen and are titrated to symptom management; they are filled via needle 
access through its port. There may be drawbacks: complications may arise from 
placement, the pump may be uncomfortable in patients with less subcutaneous 
tissue, and, most importantly, sudden discontinuation of intrathecal baclofen 
(from pump malfunction, catheter blockage, missed refills) can lead to 
life-threatening baclofen withdrawal, which presents with hyperthermia, altered 
mental status, muscle rigidity, seizures, and multiorgan failure. Intrathecal 
baclofen overdose can present with weakness, somnolence, and respiratory 
depression. Also, baclofen pumps may be MR unsafe; if they are MR conditional, 
meaning MRI can be performed under certain circumstances, they may have to 
be checked afterward for device performance changes. 

Given the possible complications of intrathecal baclofen therapy, a diagnostic 
trial of an intrathecal dose of 50 ug (or 25 ug for children or those who have 
functional spasticity) is recommended before consideration of pump placement. 
Patients who have baclofen pumps must be monitored regularly for effective 
dosing and to prevent complications of withdrawal (CASE 10-2). 

For patients with severe focal spasticity unresponsive to botulinum toxin and 
phenol therapy, neurectomy can be considered. During this surgical procedure, 
nerve branches to specific muscles are identified intraoperatively by using a 
stimulator and either crushed or cut, leading to permanent denervation and 


A 21-year-old man with a history of a C6 American Spinal Injury 
Association (ASIA) Impairment Scale (AIS) grade B spinal cord injury 
presented with altered mental status. On examination, he was febrile to 
39°C (102°F), confused, and demonstrated diffuse limb rigidity. His 
neurologic examination was otherwise unrevealing, and his general 
examination was notable for an implanted device over the abdomen, an 
indwelling catheter with cloudy urine and a healing sacral decubitus 
ulcer. A workup for sepsis was initiated. Review of the medical record 
noted an intrathecal baclofen pump placed approximately 5 years ago, 
with refills occurring regularly. CT of the abdomen showed migration of 
the catheter tip out of the intrathecal space. The patient was treated with 
oral baclofen and diazepam with management in the intensive care unit 
until emergent surgical correction of the device catheter placement 
could be performed. 


COMMENT 
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This case illustrates intrathecal baclofen withdrawal, which may be a 
challenging diagnosis without clinical context. Although baclofen pumps 
sound an alarm when the reservoir is low, medication is not flowing, or the 
battery or pump needs to be replaced, withdrawal may still happen with 
programming errors, catheter migration, or pump failure. If intrathecal 
baclofen withdrawal is suspected, the pump should be interrogated 
immediately. If pump interrogation is normal, imaging with either x-ray or 
CT can help with identifying catheter issues. 
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weakness of the muscle. This is most commonly done on tibial nerve branches to 
eliminate severe plantarflexion, inversion, or toe flexion, but it can also be 
performed in other areas where spasticity is severe and return of function of the 
spastic muscle is unlikely, for example, with median nerve to flexor digitorum 
superficialis neurectomy for severe finger flexion contracture causing pain or 
hygiene issues when functional grip is an unrealistic expectation. 

In selective dorsal rhizotomy, the sensory nerve roots proximal to the dorsal 
root ganglia are transected, leading to deafferentation of spastic muscle. This 
technique has been used for decades in patients with spastic cerebral palsy but 
has not been widely used in patients with spinal cord injuries. In 2023, one small 
nonrandomized prospective study in 10 patients with cervical and thoracic spinal 
cord injury demonstrated the safety of selective dorsal rhizotomy, and all 
patients showed improvement in function and spasticity in secondary 
outcomes. 

Of note, patients with severe spasticity often develop joint contractures, and it 
may be difficult to determine whether spasticity or contracture is the cause of the 
reduced range of motion. In spasticity, a reasonable dose of botulinum toxin 
should, even if only slightly and transiently, improve the range of motion of the 
joint. If botulinum toxin has no effect, EMG can be used to assess the degree of 
motor unit activation on passive 
ranging of the muscle and during 
active contraction of the 
antagonist muscle, thereby 
confirming the presence of 
spasticity. 


WEAKNESS 

The mainstay of treatment for 
improvement of strength after 
spinal cord injury is physical 
therapy and exercise. Orthotics 
supplement movement; 
examples include ankle-foot 
orthoses, which may eliminate 
foot drop and, if spasticity is not 
an issue, restore ground force 
reaction. Orthoses can also 
strengthen or promote tenodesis 
grip. A tenodesis grip is a grip 
that is used in the absence of 
voluntary finger flexion, where 
active wrist extension promotes 
passive flexion of the fingers 
(FIGURE 10-1). The use of 
functional electrical stimulation 
orthoses, wherein a peripheral 
nerve is stimulated to promote 
muscle contraction, has become 
more widespread, although it has 
also been limited by high costs 


FIGURE 10-1 

Tenodesis. In a patient without voluntary finger 
flexion, wrist extension can be used for passive 
finger flexion for grip. A, When the wrist is flexed, 
the fingers open in a relaxed state. B, When the 
wrist extends, lengthening of the finger flexor 
tendons across the wrist joint leads to passive 
finger flexion. 
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KEY POINTS 


@ Management of spasticity 
must have a specific goal 
(eg, contracture prevention, 
improvement of ambulation 
or reduction of pain). 


@ Consensus guidelines are 
available to help guide 
botulinum toxin dosing for 
spasticity based on 
indication and the targeted 
muscle. 


@ There may be drawbacks 
to using intrathecal baclofen 
pumps: complications may 
arise from placement, the 
pump may be less 
comfortable in patients with 
less subcutaneous tissue, 
and, most importantly, 
sudden discontinuation of 
intrathecal baclofen can 
lead to life-threatening 
baclofen withdrawal, which 
presents as hyperthermia, 
altered mental status, 
muscle rigidity, seizures, 
and multiorgan failure. 
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and insurance denials. Still, the use of peroneal nerve stimulators, which can be 
set to sense the swing phase in gait, has been shown to improve walking speed," 
although not necessarily more so than a hinged ankle-foot orthosis.” Functional 
electrical stimulation has also been used to supplement movement in upper and 
lower extremities with both orthoses and robotics, and limited data suggest that 
functional electrical stimulation supplementation with traditional therapy 
improves functional outcomes with upper extremity function and ambulation."® 
Nerve transfers are relatively new techniques that can be considered in 
patients who have voluntary control of some muscle groups in an upper 
extremity that also has significant weakness (CASE 10-3). During a nerve transfer 
procedure, the nerve branch to a donor muscle (with good strength and 


A 28-year-old woman with a history of a C6 American Spinal Injury 
Association (ASIA) Impairment Scale (AIS) grade A spinal cord injury 
presented 6 months after injury with bilateral hand weakness, which had 
remained stable after the injury. She had bilateral tenodesis grip, in which 
she was able to actively extend her wrist which would passively flex her 
fingers, (FIGURE 10-1) but no other voluntary movement of the fingers. On 
manual muscle testing, shoulder and elbow flexion was 5/5, elbow 
extension 4/5, wrist extension 5-/5, and finger flexion, extension, and 
hand intrinsics were 0/5. Electrodiagnostic studies demonstrated lower 
motor neuron involvement, with no response of her finger flexors and 
extensors to tetanic stimulation of corresponding peripheral nerves. 
Surgery was recommended between 9 and 12 months from the time of 
injury given evidence of lower motor neuron involvement. She underwent 
transfer of the left and then right median nerve branch to the pronator 
teres to the anterior interosseous nerve and radial nerve branch to the 
supinator to posterior interosseous nerve at 9 and 10 months after injury. 
One year after surgery, she had voluntary antigravity movement in her 
extensor pollicis longus, extensor digitorum communis, flexor pollicis 
longus, and anterior interosseous innervated portions of the flexor 
digitorum profundus. She subsequently underwent volar plate 
advancement and pinning of her thumb interphalangeal joint to help 
position her metacarpophalangeal joints and thumb and brachioradialis 
to flexor pollicis longus tendon transfer to augment thumb flexion. After 
this, she could voluntarily grasp objects and hold a cup to drink. 


COMMENT 
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This case illustrates the multistep process when considering nerve 
transfers for myelopathy. The timing of surgery is affected by the presence 
of significant lower motor neuron involvement, and patients ideally are 
seen for assessment approximately 6 months after injury. Assessment 
consists of frequent examinations and electrodiagnostic testing. 
Multistage surgeries are required for optimal outcomes, and the time 
course for nerve regeneration is long. However, patients often find the 
ability to voluntarily open and close the hand or extend the elbow to be 
life-changing. 
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voluntary control) and a recipient muscle are ligated and then surgically 
approximated (FIGURE 10-2). Ideally, axons from the transected terminal will 
grow into the perineural sheath of the recipient nerve and reinnervate muscle, 
thus improving, albeit not normalizing, muscle function. Although the donor 
muscle is denervated, donors are chosen so that other backup muscles are 
available to maintain reasonable strength of the donor function, and generally 
the use of donor nerves has little impact on patients undergoing transfers.” 
Common nerve transfers in spinal cord injury patients include the following: 


@ Axillary (branch to posterior deltoid or teres minor or both) to radial (long head or medial 
head of the triceps) to improve elbow extension, 


Radial (supinator or extensor carpi brevis) to posterior interosseous nerve to improve 
finger extension, 


® Median (pronator teres) to anterior interosseous nerve to improve finger flexion of the 
thumb, index, and middle fingers, 


A SAN to triceps motor branch nerve transfer B Axillary nerve branch of posterior deltoid to radial nerve triceps branch 


Deltoid muscle 


SAN (proximal Infraspinatus ^ My/ Anterior 


Proximal nerve transfer. \ nerve transfer) 


nerve transfer to restore elbow extension 
Sternocleidomastoid 
SAN \ 
Trapezius motor branch (intact) 
Radial nerve 
Nerve graft 
Distal nerve transfer 


Nerve to long head 
of triceps 
Triceps long 
head 


Triceps medial 4 f Nerve to long 


Nerve to teres — 
minor muscle Pa branch 


Nerve Sensory 
branch 


Teres major 
muscle 


Nerve graft head of triceps pers lateral 
<—— Nerve to triceps Triceps long 
long head (distal head 
nerve transfer) 
Brachialis branch of musculocutaneous nerve to AIN fascile Supinator branches of radial nerve to posterior interosseous nerve 
of median nerve to restore hand grasp and pinch transfer to restore hand opening and release 
Musculocutaneous nerve Radial nerve 
Biceps branch Brachialis muscle Supinator motor 
f L \ branches 
Biceps muscle Median nerve k \ 
MA Nerve to brachialis Nerve A 
AIN fascicle transfer À 
Nerve transfer p 4 
Pronator teres }) Nl Brachialis | Supinator 
motor branch muscle 


Flexor carpi radialis 


AIN i _ 
Palmaris longus fascicle i y 
Extensor carpi 
Flexor digitorum Median Palmaris ulnaris oN \& Posterior interosseus nerve 
superficialis longus/flexor s \ 
sensor igi a 
E Median carpi radialis Extensor digitorum \ Extensor pollicis 
Flexor pollicis nerve fascicle sommun: NDN longus 
longus Flexor P ki 
digitorum {m Pronator teres Extensor indicis t \\ \ Extensor pollicis 
profundus A fascicle \ \\\ brevis 
4 
Abductor pollicis À \\ 


brevis 


FIGURE 10-2 
Common nerve transfers in patients with myelopathy. A, Spinal accessory nerve (SAN) to 


triceps motor branch nerve transfer to restore elbow extension. B, Axillary nerve branch of 


posterior deltoid to radial nerve triceps branch nerve transfer to restore elbow extension. 


C, Brachialis branch of the musculocutaneous nerve to the anterior interosseous nerve (AIN) 
fascicle of the median nerve to restore hand grasp and pinch. D, Supinator branches of radial 


nerve to posterior interosseous nerve transfer to restore hand opening and release. 
A = anterior; L = lateral; M = medial; P = posterior. 
Reprinted from Javeed S, et al, JAMA Network Open.?° © 2022 Javeed S et al. 
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KEY POINTS 


@ Nerve transfer for 
management of weakness in 
patients with spinal cord 
injury may have a time 
window; if the anterior horn 
cell or its axon is injured, the 
neuromuscular junction 
degrades over time because 
of a lack of innervation, 
causing nerve transfer 
outcomes to decline after 12 
to 15 months after injury. 


@ Patients with cervical 
myelopathy should be 
evaluated around 6 months 
from injury if they have less 
than antigravity elbow 
extension, finger flexion or 
extension, or wrist 
extension for the option of 
nerve transfer and to 
determine whether there is 
lower motor neuron injury, 
and thus, a time window for 
transfer. 


@ In general, reasonable 
expectations of nerve 
transfer are antigravity 
strength in the recipient 
muscle about 18 months 
after surgery. 


@ Unlike nerve transfers, 
tendon transfers do not 
have a time window and are 
usually pursued in the 
chronic phase after 
improvement plateaus. 
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 Musculocutaneous (brachialis) to anterior interosseous nerve via sural nerve graft to 
improve finger flexion of the thumb, index, and middle fingers, 


@ Median (flexor carpi radialis or flexor digitorum superficialis) to musculocutaneous 
(biceps) to improve elbow flexion, and 


@ Spinal accessory nerve to various nerves via nerve graft (triceps, middle trunk, anterior 
interosseous nerve) or to a gracilis free flap for elbow and wrist flexion. 


Nerve transfer may have a time window; if the anterior horn cell or its axon is 
injured, the neuromuscular junction degrades over time because of a lack of 
innervation, causing nerve transfer outcomes to decline after 12 to 15 months 
after injury. Thus, patients with cervical myelopathy should be evaluated around 
6 months after injury if they have less than antigravity elbow extension, finger 
flexion or extension, or wrist extension for the option of nerve transfer and to 
determine whether there is lower motor neuron injury, and thus, a time window 
for transfer." 

Data regarding nerve transfers are limited.” In the largest case series to date of 
22 tetraplegic patients undergoing upper extremity nerve transfer, nerve 
transfers facilitated motor recovery and functional independence. After elbow 
extension reanimation, 70% of limbs achieved a motor grade of 3 or higher; for 
finger and thumb extension, 79% of patients achieved a motor grade of 3 or 
higher; and for finger and thumb flexion, 52% achieved a motor grade of 3 or 
higher. The median time to motor grade 3 was 17 months for elbow extension, 
18 months for finger extension, and 48 months for finger flexion. There were 
very few adverse events linked to surgery; one trapezius donor muscle was 
weakened to motor grade 3 after surgery but recovered to full strength in 12 to 
24 months, and 5 of 60 nerve transfers failed.*° Improving surgical methods and 
protocols may help improve outcomes and provide options for lower extremity 
weakness and bladder control in the future.” 

In general, reasonable expectations of nerve transfer are antigravity strength 
in the recipient muscle about 18 months after surgery. Patients may lose function 
of the limb for up to 6 months after surgery because donor and recipient muscles 
are denervated acutely and reinnervation takes time to occur. Nevertheless, the 
ability to voluntarily reach for an object with triceps extension or to voluntarily 
open and close a previously nonfunctional hand may have a significant and 
positive impact on a patient’s activities of daily living. The continued lack of hand 
intrinsic function does limit grip even after voluntary extrinsic finger extension 
and flexion are restored, and so oftentimes after nerve transfer, tendon transfer 
procedures such as a volar plate advancement surgery and opponensplasty are 
performed electively to help with finger positioning for better grip. 

Unlike nerve transfers, tendon transfers do not have a time window and are 
usually pursued later, after clinical improvement plateaus. During tendon 
transfer, the proximal origin of the muscle is preserved, whereas the distal 
tendon is excised and transferred into the tendon of the targeted, weak muscle. 
Donor muscles are ideally grade 4/5 or 5/5 strength because in general a grade of 
strength is lost during transfer. The goals of tendon transfer usually begin with 
restoration of wrist extension, if needed. In the absence of voluntary finger 
flexion, active wrist extension promotes passive flexion of the fingers, allowing a 
tenodesis grip (FIGURE 10-1). Most often, the brachioradialis can be transferred to 
the extensor digitorum communis for wrist extension. If a tenodesis grip can be 
obtained, repositioning the thumb with carpometacarpal joint fusion and 
obtaining passive thumb flexion by shortening the flexor pollicis longus tendon 
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provides a pinch grip through tenodesis. Other common tendon transfer 
procedures include the following: 


Posterior deltoid or biceps to triceps for elbow extension, 


 Brachioradialis to flexor pollicis longus for thumb flexion or to flexor digitorum profundus 
for finger flexion, 


Extensor carpi radialis longus to flexor digitorum profundus for finger flexion, 


® Pronator teres to flexor pollicis longus for thumb flexion, flexor digitorum profundus for 
finger flexion, or extensor digitorum communis for finger extension.?” 


If voluntary finger flexion and extension are obtained with nerve transfer, 
volar plate advancement surgery and opponensplasty can be used to help with 
finger positioning in the setting of hand intrinsic weakness. In volar plate 
advancement surgery, hyperextension of the metacarpophalangeal joints is 
reduced, allowing for better positioning and more functional flexion of digits two 
through five. In opponensplasty, thumb opposition is restored, allowing for 
pinch grip and the ability to maneuver the thumb around an object. Extrinsic 
finger flexion and extension may also be strengthened by the tendon transfer 
techniques noted in the previous paragraph. 

Recently, epidural spinal cord stimulation has garnered much interest in 
patients with spinal cord injuries because it has shown much promise in 
improving ambulation, even in patients with chronic complete spinal cord 
injuries. Although patients initially were thought to be able to only have reflexive 
stepping with epidural stimulation, surprisingly, a small case series noted that 
patients, even those with complete injuries, developed volitional control of 
movements with stimulation; in a few chronic cases, they continued to have 
volitional control even without stimulation.” However, the optimal stimulation 
protocols and placement have not yet been clearly defined, and there are 
concerns about complications such as dislocation of electrodes or tissue 
accumulation on electrodes interfering with function. There are ongoing 
promising clinical trials on epidural spinal cord stimulation for patients with 
spinal cord injuries, and researchers are also attempting to map out protocols for 
epidural stimulation for upper extremity function.** 

Advancements in robotics also provide optimism for patients with 
myelopathy. Robotic devices are either exoskeletons, which support and align 
with a joint, or robotic end-effectors, which have contact with only the distal part 
of the limb. These devices provide high-quality repetitive movements for both 
upper extremity movements and ambulation and can be used for rehabilitation 
but not daily functional use. Small case studies and pilot studies have suggested 
efficacy of improvement of upper extremity motion and function and the ability 
to ambulate. However, the speed of ambulation with robotic exoskeletons 
remains much slower than community ambulation speeds, including the speed 
needed to cross a road. Also, there have been reports of fractures with 
robotic-powered exoskeletons. Larger studies are needed to fully appreciate the 
benefits of robotics in spinal cord injury, not only for gross movement but for 
spasticity, pain, bone density, cardiovascular health, bowel regularity, and 
quality of life.»* 


NEUROPATHIC PAIN 


Treatment of neuropathic pain in myelopathies can be extremely difficult. 
Central, below-injury-level neuropathic pain often develops weeks to months 
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KEY POINTS 


@ Recently, epidural spinal 
stimulation has garnered 
interest in patients with 
spinal cord injuries because 
it has shown promise in 
improving ambulation, even 
in patients with chronic 
complete spinal cord 
injuries. 


@ The speed of ambulation 
with existing robotic 
exoskeletons remains much 
slower than community 
ambulation speeds, 
including the speed needed 
to cross a road. 


@ Orthostatic hypotension 
and autonomic dysreflexia 
may occur with injuries 
above the T6 level. 


@ The main side effect of 
medications used to treat 
orthostatic hypotension in 
spinal cord injury patients 
(eg, midodrine, 
fludrocortisone, droxidopa, 
pyridostigmine ergotamine) 
is supine hypertension, so 
administration of these 
medications should be 
monitored closely with 
frequent blood pressure 
measurements. 


@ The hypertensive crisis 
resulting from intrathecal 
baclofen withdrawal could 
lead to cerebral 
hemorrhage, seizures, 
pulmonary edema, left 
ventricular dysfunction or 
myocardial infarction, 
retinal detachment, and 
death. 
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after injury and is thought to be due to neuronal hyperexcitability.”° Treatment 
typically begins with conservative management, including physical activity, 
desensitization, and topical ointments or patches such as lidocaine, capsaicin, or 
menthol. Gabapentin, pregabalin, serotonin norepinephrine reuptake inhibitors 
(SNRIs), and tricyclic antidepressants are commonly used (TABLE 10-3”), but 
pregabalin is the only FDA-approved medication for neuropathic pain due to 


TABLE 10-3 


Medication Dose 


Tricyclic 
antidepressants 


Amitriptyline, 
nortriptyline 


10-25 mg at bedtime, 
titrate up to a maximum 
of 150 mg/d 


Serotonin 
norepinephrine 
reuptake 
inhibitors 
(SNRIs) 


Duloxetine 30 mg once a day, titrate 


up to 60 mg daily 


Venlafaxine immediate 

release: 75 mg/d in 2 or 
3 divided doses, titrate 

up to a total daily dose 

of 375 mg/d 


Venlafaxine 


Venlafaxine extended 
release: 37.5 mg or 

75 mg once daily, titrate up 
to 225 mg once daily 


Calcium channel 


a26 ligands 
Gabapentin 100-300 mg once or 3 
times a day, titrate up to a 
total daily dose of 
3600 mg/d 
Pregabalin? 50 mg 3 times a day or 
75 mg 2 times a day, titrate 
up to 300-600 mg/d 
Topical 1-3 patches for a maximum 
lidocaine of 12 hours 


Adequate trial 


6-8 weeks 
(2 weeks at 
maximum dose) 


4 weeks 


4-6 weeks 


4-6 weeks 


5-10 weeks 
(2 weeks at 
maximum dose) 


4 weeks 


3 weeks 


Neuropathic Pain Medications? 


Side effects 


Sedation, anticholinergic 
effects (eg, dry mouth, 
blurred vision, urinary 
retention), cardiac 
conduction abnormalities 


Nausea, increased sweating, 
increased blood pressure 


Nausea, increased sweating, 
increased blood pressure 


Nausea, increased sweating, 
increased blood pressure 


Sedation, dizziness, weight 
gain, edema 


Sedation, dizziness, weight 
gain, edema 


Local erythema or rash 


Comments 


Use with caution in patients 
with cardiac disease, risk of 
serotonin syndrome 


Risk of serotonin syndrome, 
risk of hepatic dysfunction; 
venlafaxine immediate 
release in particular is 
associated with a withdrawal 
syndrome if the patient 
forgets to take a dose 

on time 


Reduce dose in patients with 
renal impairment 


Reduce dose in patients with 
renal impairment; risk of 
dependence and tolerance 
(schedule V controlled 
substance) 


Not effective in central 
neuropathic pain 


® Reprinted with permission from Zilliox LA, Continuum (Minneap Minn).?’ © 2017 American Academy of Neurology. 
° Pregabalin is the only US Food and Drug Administration (FDA)-approved medication for spinal cord injury. 
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spinal cord injury. There are limited data to support the use of levetiracetam, 
lamotrigine, cannabinoids, lidocaine or mexiletine, or opioid medications.” One 
double-blind placebo randomized controlled trial suggested improvement of 
peripheral neuropathic pain with subcutaneous botulinum toxin injections, but 
these results need to be replicated.” There is a lack of strong evidence for 
transcranial magnetic stimulation, acupuncture, cognitive-behavioral therapy, or 
self-hypnosis, although these modalities can be considered for refractory cases.°° 

Similarly, there are few symptomatic treatments for sensory ataxia due to 
myelopathy; most treatment seeks to reverse or halt an underlying medical 
cause, and most symptomatic treatments are extrapolated from the sensory 
neuropathy or cerebellar ataxia population. The mainstays of symptomatic 
treatment are maximizing existing gait and balance with physical therapy or 
substitution of sight or proprioceptive input from other less affected areas (for 
example, use of night lights to help with sight, or assistive devices such as 
ankle-foot orthoses, canes, or walkers to provide proprioceptive input). Multiple 
studies demonstrate the effectiveness of balance and gait training, 
proprioceptive rehabilitation, and other neurorehabilitation programs for 
patients with peripheral neuropathy, ataxia from multiple sclerosis, and 
cerebellar ataxia, although the optimal regimens are yet to be determined.**** 
Data are limited to support or refute other treatments for ataxia, especially ataxia 
in myelopathies. Dynamic movement orthoses, wearable fabric orthoses that 
provide compression to aid proprioceptive input, have been shown to help with 
truncal stability in cerebellar ataxia.” A case report described the use of robotic 
hybrid exoskeletons to help with gait in sensory ataxia from myelopathy.2° With 
development of robotic orthoses to enhance motor function in spinal cord injury 
and other neurologic conditions, the use of robotic orthoses for sensory ataxia is 
expected to continue to evolve. 


DYSAUTONOMIA 

Myelopathies may affect the balance between sympathetic and parasympathetic 
control of the autonomic nervous system, leading to issues with blood pressure 
regulation, bowel and bladder control, and sexual function. 

Orthostatic hypotension and autonomic dysreflexia may occur with injuries 
above the T6 level. Although patients with spinal cord injury often have 
unrecognized or asymptomatic hypotension, treatment is generally 
recommended for patients who are clinically symptomatic. Nonpharmacologic 
treatments include increasing salt and fluid intake, compression stockings, and 
abdominal binders. Exercise and functional electrical stimulation may be 
beneficial in delaying orthostatic hypotension through muscular contraction- 
induced venous return,*” although data are limited in nonpharmacologic 
treatment modalities.*° For pharmacologic treatment, midodrine, 
fludrocortisone, droxidopa, pyridostigmine, and ergotamine have been used, 
with midodrine being the most studied.*”** The main side effect of these 
medications is supine hypertension, so administration of these medications 
should be monitored closely with frequent blood pressure measurements. 

Autonomic dysreflexia is a life-threatening condition that can occur in 
complete cervical or high thoracic spinal cord injuries above the level of T6 but 
may also be seen in incomplete spinal cord injury (CASE 10-4). A noxious 
stimulus below this level can lead to an exaggerated sympathetic response 
through the intermediolateral gray columns of the spinal cord in the T6 to L2 
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levels, as the descending parasympathetic spinal pathways are interrupted. This 
sympathetic response leads to vasoconstriction of the splanchnic, vascular, 
muscular, and cutaneous blood vessels below the level of injury, which then leads 
to systemic hypertension. There is a parasympathetic vagal response above the 
level of injury, leading to bradycardia and vasodilation above the level of injury, 
which unfortunately cannot fully regulate the increase in blood pressure. This 
elevated blood pressure, which is defined by an increase in systolic blood 
pressure greater than 25 mm Hg, may cause severe headache. Patients may also 
present with visual disturbances, constricted pupils, nausea and vomiting, 
dizziness, anxiety, flushing, diaphoresis, and piloerection above the level of 
injury and cool pale skin below the level of injury. The resultant hypertensive 
crisis could lead to cerebral hemorrhage stroke, seizures, pulmonary edema, 
left ventricular dysfunction or myocardial infarction, retinal detachment, 

and death. 

Assessment begins with recognizing the signs of autonomic dysreflexia and 
obtaining blood pressure measurements—the diagnosis is confirmed with a 
systolic blood pressure greater than 150 mm Hg or greater than 40 mm Hg above 
baseline levels in a patient with spinal cord injury.*? Treatment begins with 
sitting the patient up, lowering the legs, loosening clothing, and assessing for and 
removing the offending agent, which is most commonly a urinary source (ie, 
urinary tract infection, blocked Foley catheter, or distended bladder) or 
constipation. If Foley catheter placement or enema is needed, lidocaine gel 
should be used to prevent further stimulation. If these are not the cause, a search 
for a seemingly innocuous, painful source, such as a hang nail or low-grade 
pressure ulcer, should be performed. If systolic blood pressure remains greater 
than 150 mm Hg, a short-acting blood pressure medication such as nitroglycerine 
2% paste, nifedipine, hydralazine, or sublingual clonidine should be considered.** 


A 36-year-old man with a history of a C7 American Spinal Injury Association 
(ASIA) Impairment Scale (AIS) grade A spinal cord injury presented to the 
emergency department with headache and visual changes. His blood 
pressure was 134/82 mm Hg, and his heart rate was 62 beats/min. He was 
diaphoretic, appeared uncomfortable, and reported that his baseline 
blood pressure was usually 90/60 mm Hg. Autonomic dysreflexia was 
suspected, so his clothes were loosened and his Foley catheter was 
flushed without effect. Nitroglycerin 2% paste was applied, and a rectal 
examination revealed impacted stool, which was manually disimpacted. 


The headache resolved, and the nitroglycerin paste was removed. 
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This case illustrates a subtle presentation of autonomic dysreflexia, a 
potentially life-threatening condition found in patients with cervical and 
high thoracic spinal cord injuries. Blood pressure in autonomic dysreflexia 
may be in the normal range, but it will be higher than the patient's baseline. 
Treatment begins with checking for common causes, including a clogged 
Foley catheter and constipation. 
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Nitroglycerine 2% paste is generally preferred because it can be removed as soon 
as the cause is eliminated. 


NEUROGENIC BOWEL 
Three main patterns of neurogenic bowel dysfunction are seen in spinal cord 
injury, generally correlating with the level of injury.** 

In patients with a neurologic injury above the T7 level, spinal sacral reflexes 
are preserved with absent voluntary control of abdominal muscles. These 
patients have a moderate delay in colonic transit time, inability to increase 
intraabdominal pressure, and absence of anal relaxation during defecation, 
leading to frequent constipation with significant defecatory difficulty and 
infrequent incontinence. Patients with an injury below the T7 level with 
voluntary control of abdominal muscles and preserved sacral reflexes may 
have a moderate delay of colonic transit time, preserved ability to increase 
intraabdominal pressure, and increased anal resistance during the defecatory 
maneuver, as well as during increases of intraabdominal pressure and in rectal 
filling. This leads to frequent constipation, significant defecatory difficulty, and 
infrequent incontinence. In the last pattern, patients with an injury below the 
T7 level with voluntary control of abdominal muscles and absent sacral reflexes, 
there is a severe delay of colonic transit time, preserved ability to increase 
intraabdominal pressure, and absence of anal resistance during defecation, with 
increases in intraabdominal pressure, and with rectal distension. These patients 
have frequent constipation with less difficulty with defecation and more 
incontinence. 

Patients with neurogenic bowel are usually managed with a bowel program, 
which considers daily fluid, dietary fiber, medications, level of injury, and 
lifestyle goals such as consistent schedules. Suppositories, such as bisacodyl 
and glycerin, can shorten bowel-care time. Digital rectal stimulation may be 
useful for patients who maintain sacral reflexes. Oral laxatives may be 
beneficial but can also cause unplanned bowel evacuation. Enemas and 
manual removal are particularly useful for patients without sacral reflexes. 
Abdominal massage may help with colonic transit time. Clinical trials of 
functional electrical stimulation of the abdominal wall for bowel management 
in spinal cord injury are ongoing, and initial data suggest that it may be 
beneficial in constipation.” 

Surgical options for neurogenic bowel include sacral anterior root stimulators 
(used for areflexic neurogenic bowel), Malone antegrade continence enema 
(wherein the appendix or cecum is attached to the abdominal wall allowing 
catheterization and irrigation of the colon), colostomy, and ileostomy. 


NEUROGENIC BLADDER 

Akin to neurogenic bowel, neurogenic bladder can be divided into subgroups 
based on upper or lower motor dysfunction. With spastic or upper motor neuron 
dysfunction, found in injuries above the S1 level, voluntary inhibition of the 
bladder reflex is lost. This leads to detrusor overactivity and detrusor (striated) 
sphincter dyssynergia, wherein coordination between detrusor activity and 
sphincter relaxation is impaired, which in turn results in high voiding pressures, 
elevated residual urine volume, and urinary incontinence. In flaccid or lower 
motor neuron dysfunction, found in the setting of sacral lesions, parasympathetic 
input to the bladder and motor and sensory innervation to the bladder and 
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KEY POINTS 


@ Patients with a spinal cord 
injury above the T7 level 
have frequent constipation 
with significant defecatory 
difficulty and infrequent 
incontinence. 


@ Patients with spinal cord 
injury below T7 with 
voluntary control of 
abdominal muscles and 
preserved sacral reflexes 
have frequent constipation, 
significant defecatory 
difficulty, and infrequent 
incontinence. 


@ Patients with spinal cord 
injury below T7 with 
voluntary control of 
abdominal muscles and 
absent sacral reflexes have 
frequent constipation with 
less difficulty with 
defecation and more 
incontinence. 


@ Patients with injuries 
above the S1 level have 
detrusor overactivity and 
detrusor (striated) sphincter 
dyssynergia, wherein 
coordination between 
detrusor activity and 
sphincter relaxation is 
impaired, which in turn 
results in high voiding 
pressures, high residual 
urine volume, and urinary 
incontinence. 


@ Patients with injuries 
above the S1 level have 
large, flaccid bladders with 
nonrelaxing smooth and 
striated sphincters, with 
some fixed tone, that are not 
under voluntary control. 
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sphincter are lost. Patients have large, flaccid bladders with nonrelaxing smooth 
and striated sphincters, with some fixed tone, that are not under voluntary control. 
Both syndromes may lead to urinary tract infections (and other infections of the 
genitourinary system), urinary stones, renal impairment, and an increased risk 
of bladder cancer. 

Patients may use timed voiding and may perform maneuvers to increase 
bladder pressure (such as the Valsalva maneuver or manual pressure, also 
known as the Crede maneuver). Anticholinergic medications improve 
neurogenic detrusor overactivity. Indwelling catheters increase the risk of 
urinary tract infection, renal impairment, urethral stricture or erosion, renal 
stones, and bladder cancer; if an indwelling catheter is deemed necessary, 
suprapubic catheter placement is preferred because of hygiene, avoidance of 
urethral damage, and ease of management. However, clean intermittent 
catheterization is the method of choice because it has the lowest risk of 
infection or other complications. Botulinum toxin injection and surgical 
bladder augmentation may be used to increase functional bladder capacity. 
Newer techniques, such as artificial urinary sphincters, transcutaneous 
electrical stimulation, nerve grafting, muscle grafts, urethral stents, and 


A 40-year-old woman with a history of a C7 American Spinal Injury 
Association (ASIA) Impairment Scale (AIS) grade A spinal cord injury was 
referred for robotic-assisted gait training. On review of her medical 
records, she was noted to have had a femoral fracture in the past year; on 
discussion with the patient, she noted that she had had an awkward 
transfer with a patient lift in which her right leg had gotten stuck under 
her left leg. After 2 weeks of leg pain, imaging revealed the fracture. The 
fracture had since healed. She was referred for dual-energy x-ray 
absorptiometry (DEXA) scan which demonstrated osteopenia of the distal 
radius. Given the risk of fracture with robotic-assisted gait training in the 
setting of a known frailty fracture, robotic-assisted gait training was 
deferred. She was started on zoledronate and referred for gentle 
standing frame training, and isometric functional electrical stimulation of 
the right lower extremity. 


COMMENT 


238 


This case illustrates the multiple difficulties surrounding the management 
of osteoporosis in patients with spinal cord injuries. First, osteoporotic 
fractures can be caused by minimal trauma, so practitioners should remain 
aware of this possibility if patients report limb pain. Second, patients with 
spinal cord injuries may not be able to undergo standard DEXA scanning 
because of difficulties with positioning. Third, functional electrical 
stimulation rowing, robotic-assisted gait training, and body-supported 
treadmill training have been associated with increased fracture risk. Last, 
although data for effective treatments are lacking, bisphosphonate 
treatment with gentle loading could be considered to reduce the risk of 
further bone loss. 
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bladder tissue engineering are being developed and studied for their safety 
and efficacy.*° 


MUSCULOSKELETAL EFFECTS 

Patients with spinal cord injuries are prone to develop frailty fractures; they have 
twice the fracture risk of unaffected individuals and a 23-fold higher risk of 
femoral fractures, specifically. The loss of mechanical loading of the bone, along 
with neurovascular and hormonal changes, leads to significant decreases in bone 
mass in the lower extremities. Functional electrical stimulation does seem to 
partially reverse bone mineral density loss in chronic spinal cord injury but does 
not seem to reduce fracture risk. Conventional standing training, exoskeletons, 
treadmill training, therapeutic ultrasound, and whole-body vibration did not 
show improvements in bone mineral density.*” Bisphosphonates have had 
mixed results in patients with spinal cord injuries, and small studies in patients 
with longstanding myelopathy suggest that bisphosphonates at most preserve 
current bone mineral density without restoring previous bone loss.*” *? Because 
of the poor efficacy of standalone therapies, a multimodal approach with 
functional electrical stimulation rowing, wherein functional electrical 
stimulation is used to stimulate leg extension and flexion on a rowing machine, 
and zoledronate was studied, which did seem to improve cortical bone volume 
more than functional electrical stimulation rowing alone.*’ Still, recognition 

of the risk of fracture remains important in patients with paraplegia and 
tetraplegia (CASE 10-5). 

Heterotopic ossification, the extraskeletal deposition of bone into muscle, 
ligaments, or tendons, is also prevalent in patients with spinal cord injuries, 
reaching 20% in some studies. It is postulated that inflammation due to local 
tissue injury induces recruitment of cellular precursors of bone. It generally 
presents as reduced range of motion of the joint and may be associated with pain. 
Nonsteroidal anti-inflammatory drugs and radiation therapy may be given 
prophylactically to prevent formation; once formed, physical therapy focuses on 
maintaining range of motion of the joint, and surgical excision can be considered. 
Bisphosphonates have limited data on efficacy in prophylaxis of heterotopic 
ossification in the setting of spinal cord injury.*° Currently, research in the 
pathophysiology of heterotopic ossification and in treatment strategies targeting 
bone morphogenic protein inhibitors are ongoing.” 


FUTURE THERAPIES 

Along with the research previously discussed, there is also ongoing research into 
the pathophysiology of spinal cord reorganization after injury,” which may 
provide future mechanisms for functional recovery, such as pharmacologic 
neuroregenerative agents. One target is the Rho/Rho-associated coiled-coil 
containing protein kinase (ROCK) pathway, which regulates actin dynamics 
and causes growth cone collapse, or its activating pathways, surface 
oligodendrocyte glycoproteins such as Nogo-A, myelin-associated glycoprotein, 
and oligodendrocyte-myelin glycoprotein. These include VX-210 (a Rho/ROCK 
inhibitor) and AXER 204 (a soluble trap for surface oligodendrocyte 
glycoproteins), which are currently in clinical trials.” Chondroitinase, an 
enzyme that degrades chondroitin sulfate proteoglycans that inhibit axonal 
sprouting in central nervous systems lesions, has shown promise in animal 
models to improve outcomes in spinal cord injury, although it has not been 
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KEY POINTS 


@ Clean intermittent 
catheterization is the 
method of choice for 
management of neurogenic 
bladder because it has the 
lowest risk of infection or 
other complications. 


@ Patients with spinal cord 
injuries are prone to develop 
frailty fractures; they have 
twice the fracture risk of 
unaffected individuals and a 
23-fold higher risk of 
femoral fractures, 
specifically. 


@ Heterotopic ossification 
generally presents as 
reduced range of motion of 
the joint and may be 
associated with pain. 
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studied in humans. Other potential neurorestorative treatments include stem 
cell therapy (including neural stem and progenitor cells and olfactory 
ensheathing cells), biomaterial scaffolding, exosomes, and brain-computer 
interfaces, along with treatments for acute spinal cord injuries,? which are 


beyond the scope of this text. 


CONCLUSION 


Effects of myelopathy span multiple organ systems and cause significant 
impairment and disability. This article discussed some of the effects of 
myelopathy, but there are also psychosocial, reproductive, pulmonary, and 
integumentary effects that are beyond the scope of this review. However, 
research spanning multiple fronts, including the downstream pathophysiologic 
effects of spinal cord injury, electrical stimulation, robotics, and neurorestorative 
and regenerative techniques, provide hope for improved outcomes and quality of 


life in patients with myelopathy. 
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ABSTRACT 

In Continuum’'s 30-year history, the journal has adapted to meet the 
education needs of its subscribers, readers, and listeners to support 
high-quality patient care. The journal’s evolution continues with new 
topics and an updated topic rotation, new audio experiences with 
Continuum Audio and Continuum Aloud, inclusion of health equity content, 
a new nonclinical section covering various topics important to the practice 
of neurology, and a commitment to the global audience of neurology 
clinicians. Continuum will continue to evolve in the years and decades to 
come with the goal of helping clinicians take the best possible care of 
patients with neurologic illness. 


INTRODUCTION 
ore than 30 years ago, the American Academy of Neurology 
(AAN) established this journal, Continuum: Lifelong Learning 
in Neurology, to meet the ongoing education needs of its 
members.” Initially conceived as a means of demonstrating 
ongoing competency through continuing medical education 
(CME), Continuum has evolved in reach and scope to serve a much broader 
spectrum of learners. In addition to providing CME, Continuum has become a 
tool for junior trainees to learn the fundamentals of clinical neurology. Under the 
visionary editorial leadership of Drs Elliott L. Mancall, Aaron E. Miller, and 
Steven L. Lewis, the subscribership of Continuum has grown to reach learners 
across the United States and the globe. In addition to the beloved print version 
of the journal, written content is available online including mobile access. 
Incorporation of high-quality visual content, including neuroimaging figures 
curated under the current guidance of Associate Editor of Neuroimaging, 
Dr Shamik Bhattacharyya, has been a staple of Continuum production. Audio 
options are available with Continuum Audio, interview-based discussions with 
article authors and more recently Read Aloud, a verbatim reading of each article. 
Over the past 3 decades, Continuum’s audience has grown and changed in its 
educational needs, and the journal has responded with improvements in content, 
format, and medium of delivery. In 2023, we revised the guiding principles of the 
journal to reflect Continuum’s evolution. Continuum’s mission, or what we strive 
to do every day in the production of this journal, is to help clinicians deliver the 
highest-quality neurologic care and demonstrate continued competency. Our 
vision, or what we aspire to achieve, is to be the essential education resource for 
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neurologic clinicians. As the editorial leadership of Continuum, our objective with 
this article is to report several new features, content, and formats that our 
subscribers can expect to see now and in the near future. 


UPDATED TOPICS AND TOPIC ROTATION 

Neurology is an increasingly diverse field, exemplified by the more than 

30 options trainees can choose from for additional subspecialty training.* The 
expanding topical breadth and depth of neurology pose a challenge to the general 
neurologist and to subspecialized neurologists who see general neurology 
patients in practice. An essential function of Continuum is to provide these 
clinicians with the latest updates in clinical neurology so that they can maintain 
their competence in and comfort with a complex and dynamic field. 

Continuum’s six issues each year provide a finite amount of publishing space 
for our flourishing specialty. Under the leadership of Drs Miller and Lewis, 
Continuum formalized a 3-year, 18-issue topic rotation to balance necessary 
updates for core subjects in neurology and create space for additional topics. 

To incorporate an even broader array of topics, beginning in 2024 Continuum 
will increase the number of issues dedicated to diverse topics that reflect the 
breadth of neurology to two issues per year. This year will see the first-ever issue 
dedicated to autoimmune neurology, followed shortly thereafter by an issue on 
pain management in neurologic practice. In 2025, we will publish our first issue 
dedicated to disorders of CSF dynamics. Other novel subjects will follow. We will 
maintain our commitment to triennially updated coverage of core topics 
including stroke, dementia, epilepsy, movement disorders, neuromuscular 
disease, headache, neurocritical care, sleep neurology, multiple sclerosis, and the 
neurology of systemic disease, and we will continue to incorporate content 
relevant to child neurology in each article and issue where relevant. Continuum 
welcomes suggestions for article and issue topics, which can be sent 
to adoering@aan.com. 


A NEW AUDIO EXPERIENCE FOR CONTINUUM 

High-quality clinical reviews are the cornerstone of Continuum content. The 
delivery medium of that content has evolved with our subscribers’ preferences. 
Our print issues have been supplemented by easily accessible online and mobile 
access options. Under the early leadership of Dr Aaron Miller, Continuum Audio 
was launched as an interview-based companion to the print issues.? More 
recently, verbatim audio recordings of our articles, led by Dr Michael Kentris, 
have been available to subscribers online through our Read Aloud product.* 

A key priority of our leadership team is to deliver Continuum content to as many 
readers and listeners as possible. In that spirit, we are thrilled to announce some 
exciting changes to our audio offerings. 

Beginning with this issue, Continuum Audio will move from its proprietary 
platform to an open-access, podcast model available to all on Apple, Spotify, 
and other podcast platforms. Our panel of experienced interviewers, led by 
our Associate Editor of Continuum Audio, Dr Teshamae Monteith, will bring 
exciting clinical discussions with our expert authors to a much wider audience. 
CME will be available for all review article interviews in each issue, hosted at 
learning.aan.com and free for AAN members. The new open format will allow 
for greater flexibility and inclusion of broader perspectives in our interviews, 
including interviews with our guest editors. Most importantly, this engaging and 
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informative content will be openly available to a wider audience in an easily 
accessible and familiar format. 

For our audiophile subscribers who prefer to listen to the complete article, 
verbatim recordings will continue to be available under our rebranded 
Continuum Aloud product. Links to these audiobook-style recordings accompany 
each article posted online and at learning.aan.com. 

Our refreshed Continuum Audio and Continuum Aloud products reflect our 
commitment to incorporating subscriber feedback. As our listeners’ preferences 
evolve, so will Continuum’s audio content. 


EMPHASIS ON HEALTH EQUITY 

As we articulate in Continuum’s mission, we are dedicated to helping neurologic 
clinicians deliver the highest quality care. Health care disparities are 
incompatible with quality health care.’ In that spirit, Continuum is redoubling its 
inclusion of discussions on health care disparities and social determinants of 
health in our clinical reviews. 

Continuum must also be committed to principles of inclusion, diversity, and 
representation in authorship and editorial leadership. Under the guidance of 
Dr Nicole Rosendale, our inaugural Associate Editor of Diversity, Equity, and 
Inclusion (DEI), we will develop new strategies that serve these priorities. In 
addition to content included in our clinical reviews, principles of health equity 
will inform our issue and article topic selection. 


SELECTED TOPICS IN NEUROLOGY PRACTICE 

For many years, Continuum has included nonclinical articles that address topics 
important to neurologic practice. These have included themes related to practice, 
coding and documentation, and medicolegal issues, among others. 

In August 2023, Continuum launched a new article type, Selected Topics in 
Neurology Practice, to coordinate these and other important topics under a single 
consistent category.° Topics we anticipate including in this new section will 
include practice management, technology and informatics, health equity, 
advocacy, quality improvement, health economics, global neurology, social 
determinants of health, and other topics important to our readership (including 
the article before you now). Under the leadership of Dr Pearce Korb, Associate 
Editor of Selected Topics in Neurology Practice, this section will provide a 
flexible platform to keep our subscribership informed about key developments 
in our field. 


ENGAGEMENT WITH A GLOBAL AUDIENCE 

Continuum has evolved specifically in response to the needs of its subscribers. In 
addition to the connection with individual readers and listeners, we recognize the 
communities that benefit from high-quality neurologic education content. 
Continuum will remain invested in adapting and developing content to best serve 
their needs. 

These groups include those defined by different career types or stages, 
including our non-neurologist readership of advanced practice providers, 
residents, fellows, students, and non-neurology physicians. Other groups may be 
defined by geography, such as international neurologists and other clinicians 
providing neurologic care, all of whom need updated clinical content to deliver 
the best care to their patients. We have a particular interest in improving support 
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for neurologic clinicians in under-resourced areas. Finally, as a journal focused 
on neurologic education, the community of neurologic educators will be an 
essential partner as we create and adapt content tailored to the specific needs 
of junior learners. In her capacity as Associate Editor of Media Engagement, 
Dr Casey Albin will work across platforms to connect with individuals and 
groups who may benefit from Continuum. 


CONTINUUM INTO THE FUTURE 

The founders of Continuum, Drs Elliot Mancall and Theodore Munsat, could not 
have anticipated the interim developments in our field between 1993 and today. 
Similarly, we cannot anticipate with precision how neurology, the broader health 
care environment, publishing, and clinical education will evolve over the next 
3 decades.” What we can assure you, our subscribers, of is our dedication to 
continuous improvement of this journal. To maintain that focus on adaptation to 
reader and listener preferences, we will need feedback on your experience with 
our journal, and we thank you in advance for your advice. 


CONCLUSION 

There is no clinical journal quite like Continuum, within neurology or, to our 
knowledge, elsewhere in clinical medicine. As we have assumed leadership of 
this cherished neurology resource, we have been struck by the enthusiasm, 
loyalty, and passion our subscribers have for this journal. As Continuum has been 
increasingly embraced by trainees and training programs over time, it has 
become the de facto written curriculum of neurology. Continuum holds a place at 
the core of our specialty’s identity and is a shared source of joy for editors, 
authors, readers, and listeners alike. 

As summarized in this article, Continuum has evolved in response to 
subscriber needs, and in that spirit, we are excited to announce these changes to 
the journal. We are committed to continuous improvement in the user 
experience of Continuum, and to putting this treasured jewel of our specialty in as 
many hands as possible. Continuum, as our readers and listeners are aware, is an 
entirely ad-free, subscription-supported journal. Without you, our subscribers, 
Continuum would not be possible, and for your support, we are deeply grateful. 
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Postreading eee 
Self-Assessment and 
CME Test 


By Douglas J. Gelb, MD, PhD, FAAN; Allison L. Weathers, MD, FAAN 


SPINAL CORD DISORDERS 

The Continuum Postreading Self-Assessment and CME Test is an integral 
part of the issue that is intended to stimulate thought and help participants 
assess general understanding of the material presented in this issue. The 
Postreading Self-Assessment and CME Test is also approved by the 
American Board of Psychiatry and Neurology (ABPN) to meet the Lifelong 
Learning (CME), Self-Assessment (SA) (part 2) component for Continuing 
Certification (CC). 

For each item, select the single best response. A tally sheet is provided 
with this issue to allow the option of marking answers before entering them 
online at continpub.com/CME. Nonsubscribers who have purchased single 
back issues should email ContinuumCME@aan.com for instructions to 
complete this test online. 


US PARTICIPANTS: Upon the completion of the Postreading Self-Assessment 
and CME Test and issue evaluation online at continpbub.com/CME, 
participants may earn up to 20 AMA PRA Category 1 Credits'™ toward 
SA-CME. US participants have up to 3 years from the date of publication 
online to earn SA-CME credits. 


CANADIAN PARTICIPANTS: This program is an Accredited Self-Assessment 
Program (Section 3) as defined by the Maintenance of Certification 
Program of the Royal College of Physicians and Surgeons of Canada and 
approved by the University of Calgary Office of Continuing Medical 
Education and Professional Development. Refer to the CME tab on 
ContinuumJournal.com for dates of accreditation. Canadian participants 
should visit MAINPORT (mainport.org) to record learning and outcomes. 
Canadian participants can claim a maximum of 20 hours per issue (credits 
are automatically calculated). 


CONTINUUMJOURNAL.COM 


251 


POSTREADING TEST 


ARTICLE 1: CLINICAL APPROACH TO MYELOPATHY DIAGNOSIS 


1 Which of the following is best at differentiating between myelitis and 
vascular myelopathies? 


VOWDY 


m 


patient characteristics including age and sex 

patient comorbidities 

presence of non-myelopathy-related neurologic findings 
severity of myelopathy-related symptoms at the time of 
presentation 

temporal profile of symptom evolution 


2 Which of the following diagnostic test findings makes a diagnosis of 
spinal cord stroke much less likely? 


o o0OUvD 


FI 


normal CSF in the first 48 to 72 hours 

normal MRI within the first 48 to 72 hours 

normal spinal angiogram 

presence of edema and enhancement on MRI obtained 72 hours 
after presentation 

presence of oligoclonal bands in the CSF 


3 Which of the following is most frequently responsible for the artifactual 
signal intensity changes commonly seen on T2-weighted sequences of 
spinal cord MRI? 


A 


jes) 


C 


D 
E 


back tattoos with pigments containing metallic elements 

CSF circulation flow voids 

large magnetic field distortion due to orthodontic appliances and 
dental implants 

patient movement 

static electricity from the patient's clothing and blankets 


4 Which of the following conditions is a risk factor for the development 
of spinal epidural lipomatosis? 


m O-O wW D 
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adrenal insufficiency 

familial hypercholesterolemia 
hyperthyroidism 

long-term use of steroids 
maintaining a ketogenic diet 
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ARTICLE 2: TRAUMATIC SPINAL CORD INJURY 


5 Which of the following syndromes is most likely to result from a 
hyperextension injury in a patient with preexisting cervical spinal 


stenosis? 
A anterior cord syndrome 
B central cord syndrome 
C complete transverse cord syndrome 
D hemicord (Brown-Séquard) syndrome 
E posterior cord syndrome 


6 A patient with traumatic injury to the cervical spine who has Horner 
syndrome requires imaging studies to assess for which of the following 
complications? 


blunt cerebrovascular injury 
laryngeal perforation 
pharyngeal compression 
phrenic nerve laceration 
thyroid hemorrhage 


moO 


7 Which of the following phenomena is most characteristic of the 
neurogenic shock that can occur within hours of traumatic injury to the 
cervical spinal cord? 


bradycardia 

constipation 

lower-extremity vasoconstriction 
tachypnea 

urinary retention 


T™0QOW0 D 


8 According to the American Spinal Injury Association Impairment Scale, 
the severity of an injury in a patient with no motor function but some 
sensory function below the level of injury is classified with which of the 


following grades? 
A gradeA 
B gradeB 
C gradeC 
D grade D 
E gradeE 
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ARTICLE 3: STRUCTURAL MYELOPATHIES 


9 An 18-year-old man presents to the neurology clinic with a 2-year 
history of gradually progressive weakness in his right hand and 
forearm. He has had difficulty playing video games, using a computer, 
texting on his phone, and more recently using utensils. He denies any 
pain, although he reports that, in the first year of his symptoms, he had 
mild transient paresthesia in his hand that has now fully resolved. On 
examination, he has bilateral upper extremity weakness, much more 
prominent on the right, with atrophy of the hypothenar eminence and 
first dorsal interosseous muscles bilaterally. Imaging reveals forward 
movement of the posterior dural wall during neck flexion on flexion and 
extension MRI and asymmetric cord flattening and localized lower 
cervical cord atrophy on neutral MRI. Which of the following 
interventions is the most appropriate next step in the management of 
this patient? 


A cervical traction 

immobilization with a cervical collar 

C  myelogram to confirm imaging findings and assist with surgical 
planning 

D surgical repair of the dura through an anterior approach 

E urgent referral to neurosurgery for posterior fusion 


ios) 


10 Which of the following abnormalities occurs as the first stage in the 
development of degenerative cervical myelopathy in most patients? 


disk degeneration 

facet Joint laxity 

hypertrophy of the ligamentum flavum 
ossification of the posterior longitudinal ligament 
spondylolisthesis 


TM™U0UQOW D> 


11 Which of the following symptoms is most likely to be the initial 
manifestation of degenerative cervical myelopathy? 


difficulty with buttons and zippers 
falls 

neck pain 

pelvic girdle pain 

urinary hesitancy 


moov D 
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12 


In patients with the characteristic history, examination, and imaging 
findings of degenerative cervical myelopathy, which of the following 
best describes the role of nerve conduction studies and EMG? 


A 


assesses for the degree of associated cervical radiculopathy to 

assist with planning of surgical approach 

detects electrodiagnostic abnormalities in the C8 to T1 myotome 
to determine postsurgical prognosis 

determines whether surgery should be recommended given the 

strong correlation between electrodiagnostic abnormalities and 

severity of symptoms and imaging findings 

evaluates for the presence of a contributing peripheral nervous 

system process to the patient's clinical picture 

there is no role for nerve conduction studies and EMG if imaging 
confirms the diagnosis of degenerative cervical myelopathy 


ARTICLE 4: SPINAL CORD NEOPLASMS 


A 68-year-old patient who was recently diagnosed with stage IVA 
(T3N3M1b) non-small cell lung cancer has been having trouble 
walking. Examination reveals spasticity, hyperreflexia, and extensor 
plantar responses in both lower extremities, with reduced pain and 
temperature sensation at the level of T10 and below. Which of the 
following regions of the spine should be evaluated with MRI? 


moO 


cervical and thoracic spine 

cervical spine alone 

cervical, thoracic, and lumbosacral spine 
thoracic and lumbosacral spine 

thoracic spine alone 


Which of the following is the most common primary neoplasm of the 
intramedullary spinal cord? 


mUOW D 


astrocytoma, IDH-mutant 

diffuse midline glioma, H3K27-altered 
ependymoma 

glioblastoma, IDH-wildtype 
medulloblastoma 
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15 The most frequently altered gene in most types of ependymoma is also 
associated with which of the following inherited conditions? 


ataxia telangiectasia 

cystic fibrosis 

hereditary spastic paraparesis 
myotonic dystrophy 
neurofibromatosis type 2 
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16 Spinal irradiation is a risk factor for which of the following types of 
spinal cord tumor? 


diffuse midline glioma 

ependymoma 

meningioma 

pilocytic astrocytoma 

primary central nervous system lymphoma 
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17 Which of the following primary tumors is most prone to intradural 
leptomeningeal spinal metastasis? 


A acute lymphocytic leukemia 
breast cancer 

non-small cell lung cancer 
prostate cancer 

thymoma 
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ARTICLE 5: GENETIC MYELOPATHIES 


18 A 9-year-old girl presents to the neurology clinic with 2 years of 
gradually progressive lower extremity spasticity. Both of her parents 
had leg stiffness and trouble walking that began in childhood as well as 
ataxia and retinal degeneration. MRI of her entire spine is 
unremarkable, and serum laboratory workup for an infectious, 
nutritional, or toxic etiology of her symptoms is unrevealing. Which of 
the following signs are expected on brain MRI? 


A ears of the lynx 

B eye of the tiger 

C face of the panda 
D hummingbird 

E tadpole 
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19 Newborn screening is critical to avoid delays in diagnosis and the 
subsequent initiation of treatment for the disorder caused by which of 
the following genetic mutations? 


mUOW D 


CAG repeat expansion in the androgen receptor gene AR 
CAG repeat expansion in the ATXN3 gene 

variation in the HEXA gene 

variation in the SMNI gene 

variation in the SODI gene 


20 A 35-year-old man presents with acute adrenal insufficiency 
precipitated by a viral illness. On examination, he is found to have 
spasticity and hyperreflexia and on further questioning reports several 
years of progressive numbness and tingling of his feet and worsening 
balance and falls, as well as a sensation that he is unable to fully empty 
his bladder. He reports a history of similar symptoms in family 
members on his mother’s side. MRI of his brain and spine are normal. 
Which of the following is the most appropriate next step in the 
evaluation of this patient? 


mUOW D 


nerve conduction studies and EMG 
testing for very long chain fatty acids 
transthoracic echocardiography 
urine electrolyte testing 
whole-exome sequencing 


21 What is the mechanism of action of the only US Food and Drug 
Administration (FDA)-approved therapy to treat Friedreich ataxia? 


TM™U0UQOW DL 


antisense oligonucleotide 

gene therapy 

modification of molecule splicing 

restoration of mitochondrial function 

selective peroxisome proliferator-activated receptor gamma 
agonist 
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ARTICLE 6: INFECTIOUS MYELOPATHIES 


22 


23 


A 29-year-old patient with a history of IV drug use has had 
intermittent fevers and progressively worsening gait difficulty over 
the past 3 weeks. Examination is notable for a temperature of 38.6°C 
(101.5°F), point tenderness at the T6 spinous process, spastic 
paraparesis, lower extremity hyperreflexia, and reduced pain and 
temperature sensation at the T10 dermatome and below. Imaging is 
consistent with osteomyelitis of the T6 vertebra. Which of the 
following organisms is most likely to be responsible? 


Haemophilus influenzae 
Listeria monocytogenes 
Pseudomonas aeruginosa 
Staphylococcus aureus 
Streptococcus pneumoniae 


T™U0UQOW0 D 


A 12-year-old patient developed bilateral arm weakness, worse on the 
right, a day after recovering from a 5-day upper respiratory illness. 
Spinal cord MRI shows a fluid-attenuated inversion recovery (FLAIR) 
hyperintensity localized to the gray matter at the C4 and C5 levels, and 
CSF is notable for 65 white blood cells/mm’, all mononuclear, with 
normal glucose and protein. Which of the following organisms is the 
most likely cause? 


Borrelia burgdorferi 
Campylobacter jejuni 
enterovirus D68 
Mycobacterium tuberculosis 
respiratory syncytial virus 
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In a patient with spastic paraparesis and loss of vibration and position 
sense in both lower extremities, which of the following results would 
provide the most compelling evidence of neurosyphilis? 


CSF pleocytosis 

positive CSF Venereal Disease Research Laboratory (VDRL) 
positive serum fluorescent treponemal antibody 

positive serum Treponema pallidum particle agglutination 
positive serum VDRL 
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25 Ina patient with paraparesis, which of the following abnormalities on 
examination would be most suggestive of West Nile virus infection? 
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bilateral lower extremity areflexia 

bilateral lower extremity hyperreflexia 

bilateral upper extremity spasticity 

loss of pain and temperature sensation at the T10 level and below 
loss of vibration and position sensation at the T10 level and below 


ARTICLE 7: VASCULAR MYELOPATHIES 


26 Which of the following best describes the incidental finding of an 
absent artery of Adamkiewicz on vascular imaging? 


A 


this can be a normal variant, but given it is usually pathologic, 
urgent digital subtraction angiography is warranted 

this is always a pathologic finding, and the patient should be 
treated with endovascular thrombectomy to avoid symptomatic 
complications 

this is a normal variant, but it is exceedingly rare, occurring in less 
than 1% of the population 

this is a normal variant, present in approximately 20% of the 
population 

this is the more common finding because most patients will 
instead have the anterior cord vascular supply fed by two large 
radiculomedullary branches 


27 Which of the following best describes the role of lumbar puncture in 
patients with suspected spontaneous spinal cord infarct? 


A 


B 
C 
D 


for placement of a lumbar drain to reduce the external cord 
pressure 

should be done serially to reduce the external cord pressure 
there is no role for routine lumbar puncture in these patients 

to evaluate for leukocytosis because this confirms the diagnosis if 
the infarct cannot be visualized on MRI 

to exclude alternative diagnoses and mimics of the clinical 
presentation 
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28 After spinal cord infarction, what is a reasonable blood pressure goal? 


A 


B 
C 
D 


avoidance of hypotension but otherwise no specific target has 
been determined 

mean arterial pressure of greater than 60 mm Hg 

mean arterial pressure of greater than 85 mm Hg 

mean arterial pressure up 15 mm Hg over the patient's baseline 
average 

patient should be started on vasopressin to get the mean arterial 
pressure up by 5mm Hg within 15 minutes, followed by maintaining 
a mean arterial pressure of >100 mm Hg 


29 Which of the following symptoms is a typically late-occurring 
symptom of spinal dural arteriovenous fistulas? 
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abnormal gait 
low back pain 
paresthesia 
radicular pain 
urinary retention 


ARTICLE 8: IMMUNE-MEDIATED MYELOPATHIES 


30  CSF-specific oligoclonal bands are most common in which of the 
following immune-mediated myelopathies? 
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multiple sclerosis 

myelin oligodendrocyte glycoprotein antibody disease 
neuromyelitis optica spectrum disorders 
paraneoplastic myelopathy 

seronegative relapsing inflammatory myelopathy 


31 In which of the following immune-mediated myelopathies is a spinal 
cord MRI most likely to be normal a year after symptom resolution? 
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monophasic Idiopathic inflammatory myelitis 

multiple sclerosis 

myelin oligodendrocyte glycoprotein antibody disease 
neuromyelitis optica spectrum disorders (NMOSD) 
seronegative relapsing inflammatory myelitis 
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32 In patients with a previously established diagnosis of neuromyelitis 
optica spectrum disorders (NMOSD), which of the following episodes 
of myelitis should be treated with high-dose corticosteroids? 


A all episodes 

B only episodes in which a lesion is longer than 4 vertebral segments 
as seen on MRI 

C only episodes in which CSF white blood cell count is greater than 
100 cells/mm* 

D only episodes in which pain is severe 

E only episodes in which the patient is unable to walk 


33 Eculizumab, which is US Food and Drug Administration (FDA) 
approved for patients with neuromyelitis optica spectrum disorders 
(NMOSD), is associated with an increased risk of developing which of 
the following? 


glaucoma 

hematologic malignancies 

infection with encapsulated organisms 
myasthenia 

third-degree heart block 
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ARTICLE 9: METABOLIC AND TOXIC MYELOPATHIES 


34 Which of the following laboratory values is not affected by folate 
deficiency and therefore would not be expected to be abnormal in 
patients with folate deficiency myelopathy? 


mean corpuscular volume 
red blood cell folate 
serum homocysteine 
serum methylmalonic acid 
urine folate catabolites 
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35 Excessive intake of which of the following minerals may cause copper 
deficiency, resulting in myelopathy? 


A cobalt 

B fluoride 
C iodine 

D selenium 
E zinc 
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36 


A mother brings her 7-year-old son to a clinic in the Central African 
Republic. He was previously healthy with no trouble keeping up with 
other children when playing or running, but over the past few days, he 
has developed weakness in his legs and now needs assistance to 
ambulate. He says his legs are cramping and aching. On examination, 
he has bilateral lower extremity weakness and increased tone. He has 
hyperreflexia in his lower extremities with ankle clonus and plantar 
extensor responses. His gait is symmetrically spastic and scissoring. 
Which of the following laboratory abnormalities would be found in 
this patient if testing were performed? 


decreased urine sodium thiosulphate levels 
elevated plasma B-N-oxalylamino-L-alanine levels 
elevated plasma thiocyanate levels 
undetectable plasma lactate levels 

urine ketones 
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Which of the following patient characteristics is a risk factor for 
developing lathyrism? 


female sex 

folate deficiency 
protein malnutrition 
tobacco use 

young age 
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ARTICLE 10: SYMPTOMATIC TREATMENT OF MYELOPATHY 


38 


Which of the following oral medications for spasticity is safest to use in 
a patient with liver disease? 


A baclofen 
B dantrolene 
C diazepam 
D tizanidine 


39 


Which of the following clinical features would be most likely in a 
patient experiencing sudden discontinuation of intrathecal baclofen 
resulting from a pump malfunction or catheter blockage? 


A diplopia 

B hiccups 

C hypothermia 
D seizures 

E wheezing 
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40 Which of the following management approaches for neurogenic bowel 
is more likely to be effective for a patient with a cervical spine injury 
than it is for a patient with a lumbar spine injury? 


abdominal massage 
digital rectal stimulation 
enemas 

manual stool removal 
oral laxatives 
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Postreading 
Self-Assessment and 
CME Test—Preferred 
Responses 


By Douglas J. Gelb, MD, PhD, FAAN; Allison L. Weathers, MD, FAAN 


SPINAL CORD DISORDERS 

Following are the preferred responses to the questions in the Postreading 
Self-Assessment and CME Test in this Continuum issue. The preferred 
response is followed by an explanation and a reference with which you 
may seek more specific information. You are encouraged to review the 
responses and explanations carefully to evaluate your general 
understanding of the article topic. The comments and references included 
with each question are intended to encourage independent study. 


US PARTICIPANTS: Upon completion of the Postreading Self-Assessment and 
CME Test and issue evaluation online at continpub.com/CME, participants 
may earn up to 20 AMA PRA Category 1 Credits™ toward SA-CME. US 
participants have up to 3 years from the date of publication online to earn 
SA-CME credits. 


CANADIAN PARTICIPANTS: This program is an Accredited Self-Assessment 
Program (Section 3) as defined by the Maintenance of Certification 
Program of the Royal College of Physicians and Surgeons of Canada and 
approved by the University of Calgary Office of Continuing Medical 
Education and Professional Development. Refer to the CME tab on 
ContinuumJournal.com for dates of accreditation. Canadian participants 
should visit MAINPORT (mainport.org) to record learning and outcomes. 
Canadian participants can claim a maximum of 20 hours per issue (credits 
are automatically calculated). 
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ARTICLE 1: CLINICAL APPROACH TO MYELOPATHY DIAGNOSIS 


1 The preferred response is E (temporal profile of symptom evolution). 
The temporal profile of symptom evolution from the onset of symptoms 
to their nadir is one of the most predictive factors in the model for 
differentiating myelitis versus vascular myelopathies. Myelitis usually 
presents with an acute or subacute course whereas hyperacute 
presentations are more likely to be related to a vascular etiology. 
Chronic, evolving presentations may be the result of inflammatory, 
vascular, metabolic, or structural causes. For more information, refer to 
page 20 of the Continuum article “Clinical Approach to Myelopathy 
Diagnosis.” 


2 The preferred response is E (presence of oligoclonal bands in the CSF). 
The presence of oligoclonal bands in the CSF is more consistent with the 
diagnosis of an inflammatory myelopathy as opposed to a spinal cord 
stroke. The absence of oligoclonal bands and other inflammatory CSF 
findings has been proposed as part of the diagnostic criteria for the 
diagnosis of spinal cord infarction. The other options provided are the 
more common findings in the diagnostic workup of patients with spinal 
cord stroke, and these findings do not rule out this diagnosis. For more 
information, refer to page 26 of the Continuum article “Clinical Approach 
to Myelopathy Diagnosis.” 


3 The preferred response is D (patient movement). There are multiple 
potential sources for the artifactual signal intensity changes that are 
often seen on the T2-weighted sequences of spinal cord MRI and that 
increase the risk for misinterpretation of these studies. The most 
common source is patient movement from an inability to lie still, as well 
as artifact related to the patient's breathing. CSF circulation-related 
flow void artifacts are also a common cause, especially on MRI of the 
thoracic spine. For more information, refer to page 36 of the Continuum 
article “Clinical Approach to Myelopathy Diagnosis.” 


4 The preferred response is D (long-term use of steroids). Spinal epidural 
lipomatosis is a complication of chronic steroid use, obesity, and 
endocrine disorders, including Cushing syndrome and hypothyroidism. 
These precipitating conditions result in the accumulation of epidural fat 
tissue in the thoracic more than the lumbar epidural space that, when 
severe enough, can produce cord compression resulting in myelopathy. 
For more information, refer to pages 47 to 48 of the Continuum article 
“Clinical Approach to Myelopathy Diagnosis.” 


CONTINUUMJOURNAL.COM 265 


POSTREADING TEST—PREFERRED RESPONSES 


266 


ARTICLE 2: TRAUMATIC SPINAL CORD INJURY 


5 The preferred response is B (central cord syndrome). The classic 
mechanism of central cord syndrome is hyperextension injuries in 
patients with preexisting cervical spinal stenosis. For more information, 
refer to page 57 of the Continuum article “Traumatic Spinal 
Cord Injury.” 


6 The preferred response is A (blunt cerebrovascular injury). The 
presence of Horner syndrome is one of the criteria that indicate the 
need to evaluate patients for blunt cerebrovascular injury after they 
have experienced traumatic spinal cord injuries. For more information, 
refer to page 59 of the Continuum article “Traumatic Spinal 
Cord Injury." 


7 The preferred response is A (bradycardia). Neurogenic shock can 
occur within hours of traumatic injury to the cervical spinal cord due to 
loss of sympathetic outflow and unopposed vagal activity, resulting in 
bradycardia and hypotension. For more information, refer to page 58 of 
the Continuum article “Traumatic Spinal Cord Injury.” 


8 The preferred response is B (grade B). Grade B on the American Spinal 
Injury Association Impairment Scale connotes complete loss of motor 
function but some preserved sensory function below the level of injury. 
For more information, refer to pages 56 to 57 of the Continuum article 
“Traumatic Spinal Cord Injury.” 


ARTICLE 3: STRUCTURAL MYELOPATHIES 


9 The preferred response is B (immobilization with a cervical collar). 
The patient's history, examination, and imaging findings are consistent 
with a diagnosis of Hirayama disease, also known as monomelic 
amyotrophy. Although not always well tolerated by patients, 
immobilization with a cervical collar is considered the first-line 
treatment and therefore would be the most appropriate next step in the 
management of this patient of the options provided. Although surgery 
may be considered, there is no definitive timing or approach, and 
myelography is not indicated for surgical planning purposes. For more 
information, refer to page 90 of the Continuum article “Structural 
Myelopathies.” 
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The preferred response is A (disk degeneration). Abnormalities of the 
disks, including disk degeneration and migration with subsequent loss 
of disk height, are commonly the first in the series of degenerative 
changes that comprise cervical spondylosis in most patients. These disk 
abnormalities lead to narrowing of the spinal canal with compression of 
the spinal cord, if severe enough, and changes in the biomechanics of 
the cervical spine. Other changes, including hypertrophy of the 
ligamentum flavum, laxity of facet joints, and strain and hypertrophy of 
the spinal joints, follow. Spondylolisthesis also occurs in some patients. 
Ossification of the posterior longitudinal ligament can contribute to 
narrowing of the spinal canal and compression of the spinal cord, but it 
is amuch less common abnormality. For more information, refer to 
page 74 of the Continuum article “Structural Myelopathies.” 


The preferred response is A (difficulty with buttons and zippers). 
Changes in hand dexterity, manifested by difficulty with buttons and 
zippers, manipulating small objects and utensils, and with writing, is a 
common initial manifestation of cervical myelopathy. This progresses 
over time to upper extremity distal weakness. Gait dysfunction is 
another characteristic symptom; however, the dysfunction is usually 
initially subtle (eg, subjective imbalance, tripping), with falls occurring 
later in the patient's course. Neck pain is not a significant feature of 
cervical myelopathy itself and will not be a prominent initial feature in 
the absence of a concomitant cervical radiculopathy or abnormality of 
an associated structure. Pelvic girdle pain can occur with upper and 
middle thoracic degenerative myelopathies. Urinary symptoms can 
occur but are not usually major manifestations. For more information, 
refer to page 76 of the Continuum article “Structural Myelopathies.” 


The preferred response is D (evaluates for the presence of a 
contributing peripheral nervous system process to the patient’s 
clinical picture). Patients with degenerative cervical myelopathy may 
have a superimposed peripheral nervous system process such as carpal 
tunnel syndrome or peripheral neuropathy. Nerve conduction studies 
and EMG can help identify a superimposed process that is contributing 
to the patient's clinical picture (symptoms and examination findings). 
For more information, refer to page 86 of the Continuum article 
“Structural Myelopathies.” 
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ARTICLE 4: SPINAL CORD NEOPLASMS 


13 


The preferred response is C (cervical, thoracic, and lumbosacral 
spine). The findings on this patient's examination suggest a spinal cord 
lesion at the level of T10 or above, so both the cervical spine and the 
thoracic spine must be evaluated. A lesion in the lumbosacral spine 
would not explain the patient's examination findings, but patients being 
evaluated for spinal metastases should have the entire spine evaluated 
because of the possibility of asymptomatic lesions. For more 
information, refer to page 101 of the Continuum article “Spinal Cord 
Neoplasms." 


14 


The preferred response is C (ependymoma). Ependymomas are the 
most common primary neoplasms of the intramedullary spinal cord. 
For more information, refer to pages 103 to 105 of the Continuum article 
“Spinal Cord Neoplasms.” 


15 


The preferred response is E (neurofibromatosis type 2). 
Neurofibromatosis type 2 is caused by mutations in the NF2 gene, 
which is associated with a propensity for ependymomas, meningiomas, 
and schwannomas. It is the most frequently altered gene in most types 
of ependymoma. For more information, refer to page 105 of the 
Continuum article “Spinal Cord Neoplasms.” 


16 


The preferred response is C (meningioma). Exposure to ionizing 
radiation is a risk factor for spinal meningiomas. For more information, 
refer to page 110 of the Continuum article “Spinal Cord Neoplasms.” 


17 
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The preferred response is A (acute lymphocytic leukemia). More than 
95% of spinal metastases from solid cancers are extradural, extending 

from the vertebrae. Hematologic malignancies are much more prone to 
intradural spinal metastasis. For more information, refer to pages 112 to 
113 of the Continuum article “Spinal Cord Neoplasms.” 
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ARTICLE 5: GENETIC MYELOPATHIES 


The preferred response is A (ears of the lynx). The patient's 
presentation and family history are consistent with the SPG// autosomal 
recessive form of hereditary spastic paraplegia. This is the most 
common autosomal recessive form of hereditary spastic paraplegia and 
presents in childhood or adolescence. It can be associated with other 
neurologic and systemic symptoms including ataxia, neuropathy, retinal 
degeneration, and cognitive impairment. Both SPG11 and SPG15 are 
associated with the ears of the lynx sign on brain MRI. This sign 
resembles the lynx's tufts of hair on their pointed ears in the forceps 
minor of the corpus callosum, appearing bright on fluid-attenuated 
inversion recovery (FLAIR) images and dark on Tl-weighted imaging. For 
more information, refer to page 123 of the Continuum article “Genetic 
Myelopathies.” 


The preferred response is D (variation in the SMN1 gene). Variations in 
SMNI are the genetic variant underlying spinal muscular atrophy. This 
autosomal recessive genetic myelopathy occurs as a result of reduced 
expression of the survival motor neuron protein leading to a loss of 
anterior horn cells. The infantile form is the most severe and, before the 
availability of effective therapies, was often fatal before 2 years of age. 
Because initiating treatment as soon as possible can prevent more 
severe disease manifestations, it is imperative to screen newborns to 
avoid missing this diagnosis. For more information, refer to page 125 of 
the Continuum article “Genetic Myelopathies.” 


20 


The preferred response is B (testing for very long chain fatty acids). The 
patient's presentation is consistent with a diagnosis of 
adrenomyeloneuropathy. Of the options provided, the most 
appropriate next step in the workup of this patient is testing for very 
long chain fatty acids because this is key to making the diagnosis. The 
diagnosis can also be made through genetic testing confirming a 
mutation on the ABCD! gene. For more information, refer to page 126 of 
the Continuum article “Genetic Myelopathies.” 


21 


The preferred response is D (restoration of mitochondrial function). 
Omaveloxolone is the first therapy approved by the US Food and Drug 
Administration (FDA) for the treatment of Friedreich ataxia. It was 
approved in 2023 after showing a benefit in disease course and slowing 
progression in randomized trials. Its mechanism of action is through the 
restoration of mitochondrial function. For more information, refer to 
page 128 of the Continuum article "Genetic Myelopathies.” 
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ARTICLE 6: INFECTIOUS MYELOPATHIES 


22 The preferred response is D (Staphylococcus aureus). The most 
common gram-positive organism causing osteomyelitis is S. aureus, 
followed by Staphylococcus epidermidis. The most common 
gram-negative organism is Escherichia coli. For more information, refer 
to page 134 of the Continuum article “Infectious Myelopathies.” 


23 The preferred response is C (enterovirus D68). The patient's clinical 
course, MRI findings, and CSF findings are typical of acute flaccid 
myelitis, which is associated with enterovirus D68 and enterovirus D71. 
For more information, refer to page 140 of the Continuum article 
“Infectious Myelopathies.” 


24 The preferred response is B (positive CSF Venereal Disease Research 
Laboratory [VDRL]). CSF VDRL is not a sensitive test for neurosyphilis, 
but it has a specificity of 99.8%. Serum fluorescent treponemal 
antibody and Treponema pallidum particle agglutination are positive in 
most people who have ever had syphilis, but they do not necessarily 
indicate active infection. Serum VDRL is a good screening test for 
syphilis, but it does not necessarily imply nervous system involvement. 
CSF pleocytosis provides support for the diagnosis of neurosyphilis in 
someone with a positive serum treponemal test such as fluorescent 
treponemal antibody or Treponema pallidum particle agglutination but 
in and of itself, it does not provide compelling evidence of 
neurosyphilis. For more information, refer to pages 136 to 137 of the 
Continuum article “Infectious Myelopathies.” 


25 The preferred response is A (bilateral lower extremity areflexia). 
Patients with myelitis due to West Nile virus characteristically have 
acute flaccid paralysis with a lower motor neuron syndrome (including 
hyporeflexia or areflexia) that resembles poliomyelitis. Sensory 
pathways are usually not prominently involved. For more information, 
refer to page 143 of the Continuum article “Infectious Myelopathies.” 
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The preferred response is D (this is a normal variant, present in 
approximately 20% of the population). The artery of Adamkiewicz 
(also known as the arteria radicularis magna or the main anterior 
radicular artery) is not present in approximately 20% of patients, with 
the anterior cord vascular supply instead being supplied mainly by two 
large radiculomedullary branches. When it is present it arises anywhere 
from the level of T5 to L3 but usually on the left side from T9 to T12. For 
more information, refer to pages 161 to 162 of the Continuum article 
“Vascular Myelopathies.” 


27 


The preferred response Is E (to exclude alternative diagnoses and 
mimics of the clinical presentation). In patients with spontaneous 
spinal cord infarction, the role of CSF analysis is to ensure that 
alternative diagnoses, including infectious, inflammatory, neoplastic, 
and metabolic etiologies, are not missed. CSF may be normal in the 
absence of another process. For more information, refer to page 168 
of the Continuum article “Vascular Myelopathies.” 


28 


The preferred response is C (mean arterial pressure of greater than 
85 mm Hg). Although there is not sufficient evidence for routine blood 
pressure augmentation following spinal cord infarction, maintaining 
mean arterial pressure at greater than 85 mm Hg is a reasonable 
approach given that treatment options are overall limited and 
neurologic outcomes can be extremely poor. Permissive hypertension 
is standard clinical practice. For more information, refer to page 169 of 
the Continuum article “Vascular Myelopathies.” 


29 


The preferred response is E (urinary retention). Symptoms in spinal 
dural arteriovenous fistulas occur secondary to venous congestion, 
resulting in hypoxia and progressive myelopathy. Initial symptoms can 
include paresthesia, diffuse or patchy sensory loss, radicular pain in the 
unilateral or bilateral lower limbs, and low back pain. Gait instability can 
develop over time, and patients can have worsening symptoms with 
increased activity. Bowel and bladder symptoms and sexual 
dysfunction are typically late-occurring symptoms. For more 
information, refer to pages 175 to 176 of the Continuum article “Vascular 
Myelopathies.” 
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ARTICLE 8: IMMUNE-MEDIATED MYELOPATHIES 


30 


The preferred response is A (multiple sclerosis). CSF-specific 
oligoclonal bands are present in more than 87% of people with multiple 
sclerosis; they are uncommon in the other conditions listed. For more 
information, refer to page 184 of the Continuum article “Immune- 
Mediated Myelopathies.” 


31 


32 


The preferred response is C (myelin oligodendrocyte glycoprotein 
antibody disease). After an episode of myelin oligodendrocyte 
glycoprotein antibody disease, healing tends to normalize the spinal 
cord lesion on MRI, so old lesions may not be evident on subsequent 
scans. For more information, refer to page 187 of the Continuum article 
“Immune-Mediated Myelopathies.” 


The preferred response is A (all episodes). All episodes of myelitis in 
patients with neuromyelitis optica soectrum disorders (NMOSD) should 
be treated. The damage from an episode rarely heals completely, even 
with optimal treatment. For more information, refer to page 186 of the 
Continuum article “Immune-Mediated Myelopathies.” 


33 


The preferred response is C (infection with encapsulated organisms). 
Eculizumab is a terminal C5 complement inhibitor. It increases the risk 
of infection with encapsulated organisms, particularly Neisseria 
meningitidis. For more information, refer to page 186 of the Continuum 
article “Immune-Mediated Myelopathies.” 


ARTICLE 9: METABOLIC AND TOXIC MYELOPATHIES 


34 


The preferred response is D (serum methylmalonic acid). Although 
vitamin Biz is an essential cofactor in the metabolism of methylmalonic 
acid, folate is not, and therefore, methylmalonic acid levels will be 
normal in patients with folate deficiency myelopathy. For more 
information, refer to page 206 of the Continuum article “Metabolic 
and Toxic Myelopathies.” 


35 


The preferred response is E (zinc). Excess zinc, whether through 
oversupplementation or inadvertently through zinc-containing denture 
cream, can result in copper deficiency due to decreased absorption. 
For more information, refer to page 208 of the Continuum article 
“Metabolic and Toxic Myelopathies.” 
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The preferred response is C (elevated plasma thiocyanate levels). 
The patient’s presentation and examination findings of an acute spastic 
myelopathy in a young child from a rural African village are suggestive 
of a diagnosis of konzo. This occurs in populations that rely on bitter 
cassava root as their main dietary staple and is a result of cyanide 
toxicity, especially during periods of drought when the cyanide content 
of the cassava is increased by the dry growing conditions. The World 
Health Organization criteria for diagnosis are clinical and do not rely on 
laboratory or imaging modalities. However, if laboratory studies were 
obtained in patients with konzo, it would be expected that urine and 
plasma levels of thiocyanate would be elevated. For more information, 
refer to page 209 of the Continuum article “Metabolic and Toxic 
Myelopathies.” 


The preferred response is C (protein malnutrition). Protein malnutrition 
is arisk factor for the development of lathyrism (myelopathy secondary 
to chronic ingestion of the grass pea) similar to how it is a risk factor for 
the development of konzo. However, although konzo occurs more 
frequently in children and young women, lathyrism has been reported 
to occur more commonly in adult men. For more information, refer to 
page 210 of the Continuum article “Metabolic and Toxic Myelopathies.” 


ARTICLE 10: SYMPTOMATIC TREATMENT OF MYELOPATHY 


38 


The preferred response is A (baclofen). In patients with hepatic 
impairment, baclofen can be used safely, but dantrolene, diazepam, 
and tizanidine should all be avoided or used with extreme caution. For 
more information, refer to page 227 of the Continuum article 
“Symptomatic Treatment of Myelopathy.” 


39 


The preferred response is D (seizures). Sudden discontinuation of 
intrathecal baclofen results in hyperthermia, altered mental status, 
rigidity, seizures, and multiorgan failure. For more information, refer to 
pages 227 to 228 of the Continuum article “Symptomatic Treatment of 
Myelopathy.” 


40 


The preferred response is B (digital rectal stimulation). Digital rectal 
stimulation may be useful in patients who maintain sacral reflexes, but 
patients with spinal cord injuries below the T7 level usually have absent 
sacral reflexes. For more information, refer to page 237 of the 
Continuum article “Symptomatic Treatment of Myelopathy.” 


CONTINUUMJOURNAL.COM 


273 


ERRATA 


In the February 2023 issue of Continuum 
(Neuroimaging, Vol. 29, No. 1), the following 
errors occurred: 


In the article “Imaging of Central Nervous System 
Demyelinating Disorders” by Jan-Mendelt Tillema, 
MD, (Continuum: Lifelong Learning in Neurology 2023: 
29:305 and 305), the legend for FIGURE 11-4 incorrectly 
stated, “MOG-associated disease and NMO are 


FIGURE 11-4 


commonly associated with less severe vision loss” but 
should have read, “MOG-associated disease and 
NMO are commonly associated with more severe 
vision loss.” The legend for FIGURE 11-5 incorrectly 
identified panels A and B as “a lateral localized lesion 
(A) and a dorsal localized lesion (B)”; they should 
have been identified as “a dorsal localized lesion (A) 
and a lateral localized lesion (B).” The figures and 
their corrected legends follow. 


Optic neuritis in multiple sclerosis (MS) and other demyelinating syndromes. Typical imaging features of optic neuritis are 
shown in MS and myelin oligodendrocyte glycoprotein (MOG)-associated disorder. The coronal sequences are sensitive 
enough to detect the T2 signal change and gadolinium enhancement of the nerve. Lesions are seen in a patient with MS with 
coronal T2 fat saturation (A, arrow) and coronal postcontrast T1 fat saturation (B, arrow) images. These lesions are typically 
focal and less than 50% of the length of the nerve compared with lesions in antibody-mediated optic neuritis (MOG/ 
neuromyelitis optica [NMO]), which more often have greater than 50% of the nerve involved and more often have bilateral 
involvement. The extensive involvement is shown in a patient with MOG-associated disorder with axial MRI obtained with fat 
saturation sequences on T2 (C) and postcontrast T1 (D) and arrows indicating the lesions. MOG-associated disorder and NMO 
are commonly associated with more severe vision loss. In MOG-associated disorder, the lesions tend to predominantly affect 
the anterior optic pathways, which may explain the more common presence of optic disc edema, where NMO spectrum 
disorder lesions tend to more commonly affect the posterior optic pathways or lesions isolated to the optic chiasm. 
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FIGURE 11-5 

Typical distribution of spinal cord lesions in demyelinating disorders. In multiple sclerosis, a typical short-segment 
ovoid-shaped (craniocaudal direction) lesion with localization of the involved tracts is best seen on axial images: a dorsal 
localized lesion (A) and a lateral localized lesion (B). C, D, Spinal cord involvement in myelin oligodendrocyte glycoprotein- 
associated disorder. The longitudinal lesion expands over multiple vertebral segments (C) and involves part of the cord, 
mainly in the central distribution. This penlike stripe on sagittal sequences can be further localized on axial images (D) to the 
central gray matter predominantly. E, In this case, the associated brain MRI shows features that are consistent with acute 
disseminated encephalomyelitis (ADEM). The multiple lesions include both gray matter (cortical and deep) and white matter 
and are less well circumscribed. This combined presentation is possible, but either transverse myelitis or ADEM can be seen 
as anisolated presentation. An extensive spinal cord lesion of neuromyelitis optica (NMO) is shown in sagittal T2-weighted (F) 
and postcontrast T1-weighted (G) images. The lesion can be more extensive than the one noted, which just extends three 
vertebral segments (a short spinal cord lesion does not rule out NMO) and has a swollen appearance with extensive, patchy 
signal change. The associated enhancement can be patchy (G). 


TillemaJ-M.Imaging of central nervous system demyelinating disorders. 
Continuum (Minneap Minn) 2023;29(1, Neuroimaging):292-323. doi:10. 
1212/CON.0000000000001246 


In the April 2023 issue of Continuum (Cerebrovascular 
Disease, Vol. 29, No. 2), the following error occurred: 


In TABLE 10-2 of “Management of Unruptured 
Intracranial Aneurysms and Brain Arteriovenous 
Malformations” by Thanh Ngoc Nguyen, MD, 


CONTINUUMJOURNAL.COM 


FRCPc, FSVIN, FAHA (Continuum: Lifelong 
Learning in Neurology 2023:29:586), “Yes” and “No” 
under “Earlier subarachnoid hemorrhage” were 
listed in the incorrect order, making the 
corresponding points inaccurate; “No” (o points) 
should have been listed before “Yes” (4 point). 
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ERRATA (CONTINUED) 


TABLE 10-2 Risk Factors for Aneurysm Rupture According to the PHASES Rupture Risk 
Score® 
Population 
North American, European (other than Finnish) (0) 
Japanese 3 
Finnish 6 


Hypertension 


No 0 

Yes 1 
Age 

Younger than 70 years (0) 

70 years or older 1 


Size of aneurysm 


<7.0 mm (0 
7.0-9.9 mm 3 
10.0-19.9 mm 6 
220 mm 10 


Earlier subarachnoid hemorrhage 
No (0) 
Yes 1 


Site of aneurysm 


Internal carotid artery 0 
Middle cerebral artery 2 
Anterior cerebral artery, posterior communicating artery, and posterior circulation 4 


PHASES = population, hypertension, age, size of aneurysm, earlier subarachnoid hemorrhage from another 
aneurysm, and site of aneurysm. 


a Modified with permission from Greving JP, et al, Lancet Neurol.’ © 2014 Elsevier Ltd. 


Nguyen TN. Management of unruptured intracranial aneurysms and 
brain arteriovenous malformations. Continuum (Minneap Minn) 2023; 
29(2, Cerebrovascular Disease):584-604. doi:10.1212/CON. 
0000000000001247 
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LIST OF ABBREVIATIONS 


Spinal Cord Disorders 

ADEM Acute disseminated encephalomyelitis 

AIDP Acute inflammatory demyelinating 
polyradiculoneuropathy 

AIS American Spinal Injury Association Impairment Scale 

ALS Amyotrophic lateral sclerosis 

ALT Alanine transaminase 

AQP4 Aquaporin 4 

ASIA American Spinal Injury Association 

AST Aspartate transaminase 

AVF Arteriovenous fistula 

AVM Arteriovenous malformation 

CI Confidence interval 

CMV Cytomegalovirus 

CNS Central nervous system 

COVID-19 Coronavirus disease 2019 

CRMP-5 Collapsin response mediator protein-5 

CSF Cerebrospinal fluid 

CT Computed tomography 

CTA Computed tomography angiography 

DEXA Dual-energy x-ray absorptiometry 

DNA Deoxyribonucleic acid 

DTI Diffusion tensor imaging 

DVT Deep vein thrombosis 

DWI Diffusion-weighted imaging 

ECG Echocardiogram 

ELISA Enzyme-linked immunosorbent assay 

EMG Electromyography 

FDA US Food and Drug Administration 

FDG-PET Fludeoxyglucose positron emission tomography 

FLAIR Fluid-attenuated inversion recovery 

fMRI Functional MRI 

GAD Glutamic acid decarboxylase 

GFAP Glial fibrillary acidic protein 

GRE Gradient recalled echo 

HHV Human herpes virus 

HIV Human immunodeficiency virus 

HSP Hereditary spastic paraplegia 


© 2024 American Academy of Neurology. 


SAH 
SARS-CoV-2 
SMA 
SNRI 
STIR 
TIPS 
VDRL 
VEGF 
VTE 
VZV 
WHO 
WNV 


Herpes simplex virus 

Human T-cell lymphotropic virus type 1 
mmune checkpoint inhibitor 

ntensive care unit 

nfectious Diseases Society of America 
soelectric focusing 

mmunoglobulin A 

mmunoglobulin G 

mmunoglobulin G4 

mmunoglobulin M 

ntramuscular 

mmune reconstitution inflammatory syndrome 
ntravenous 

ntravenous immunoglobulin 

Japanese Orthopaedic Association 
Mean arterial pressure 

Myelin oligodendrocyte glycoprotein 
Magnetic resonance angiography 
Magnetic resonance imaging 

Multiple sclerosis 
N-methyl-b-aspartate 

Neuromyelitis optica 

Neuromyelitis optica spectrum disorder 
Polymerase chain reaction 

Positron emission tomography 
Ribonucleic acid 


Rho/Rho-associated coiled-coil containing 
protein kinase 


Subarachnoid hemorrhage 

Severe acute respiratory syndrome coronavirus 2 
Spinal muscular atrophy 

Serotonin norepinephrine reuptake inhibitor 
Short tau inversion recovery 

Transjugular intrahepatic portosystemic shunt 
Venereal Disease Research Laboratory 
Vascular endothelial growth factor 

Venous thromboembolism 

Varicella-zoster virus 

World Health Organization 

West Nile virus 
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Continuum Manoao or 


LIFELONG LEARNING IN NEUROLOGY® 


SPINAL CORD DISORDERS 


ARTICLE 1: CLINICAL APPROACH TO 
MYELOPATHY DIAGNOSIS 


Carlos A. Pardo, MD. Continuum (Minneap Minn). February 2024; 30 (1 Spinal Cord 
Disorders):14-52. 


ABSTRACT 


OBJECTIVE: 

This article describes an integrative strategy to evaluate patients with suspected myelopathy, 
provides advice on diagnostic approach, and outlines the framework for the etiologic diagnosis 
of myelopathies. 


LATEST DEVELOPMENTS: 

Advances in diagnostic neuroimaging techniques of the spinal cord and improved understanding 
of the immune pathogenic mechanisms associated with spinal cord disorders have expanded the 
knowledge of inflammatory and noninflammatory myelopathies. The discovery of biomarkers of 
disease, such as anti-—aquaporin 4 and anti-myelin oligodendrocyte glycoprotein antibodies 
involved in myelitis and other immune-related mechanisms, the emergence and identification of 
infectious disorders that target the spinal cord, and better recognition of myelopathies 
associated with vascular pathologies have expanded our knowledge about the broad clinical 
spectrum of myelopathies. 


ESSENTIAL POINTS: 

Myelopathies include a group of inflammatory and noninflammatory disorders of the spinal cord 
that exhibit a wide variety of motor, sensory, gait, and sensory disturbances and produce major 
neurologic disability. Both inflammatory and noninflammatory myelopathies comprise a broad 
spectrum of pathophysiologic mechanisms and etiologic factors that lead to specific clinical 
features and presentations. Knowledge of the clinical variety of myelopathies and 
understanding of strategies for the precise diagnosis, identification of etiologic factors, and 
implementation of therapies can help improve outcomes. 


KEY POINTS 
e Etiologic factors associated with myelopathies comprise two major groups of disorders: (1) inflammatory 
myelopathies, or myelitis, with inflammation as the primary pathogenic driver of spinal cord injury, and (2) 
pathologies not related to inflammation. 
e The etiologic diagnosis of myelopathies based on categorizing inflammatory and noninflammatory disease 
mechanisms should supersede the obsolete term transverse myelitis. 
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Hyperacute myelopathic syndromes are frequently related to acute vascular myelopathies secondary to 
spinal cord strokes at any presenting age. 

The temporal profile of symptom evolution from onset to nadir or recognition of relapsing-remitting features 
of presenting symptoms is one of the best predictive factors in the model for differentiation of myelitis 
versus vascular myelopathies. 

A comprehensive physical and neurologic examination to validate the clinical profile obtained in the patient's 
history is the best approach to determining the localization and extent of spinal cord dysfunction. 
Diagnostic studies in patients suspected to have myelopathy should be tailored to assess for suspected 
etiologies and validate clinical suspicion. Selecting specific blood, serologic, and CSF studies must be guided 
by a well-thought-out differential diagnosis. 

Assessment of CSF is one of the most valuable diagnostic tools available, contributing to differentiation of 
inflammatory and noninflammatory myelopathies. The absence of inflammatory changes in the CSF may 
direct the clinician to consider noninflammatory etiologies when evaluating myelopathies. 

Most autoimmune inflammatory myelopathies are associated with lymphocytic pleocytosis, although 
occasionally, neutrophilic pleocytosis can be seen in a subset of autoimmune myelopathies such as those 
associated with neuromyelitis optica, rnheumatologic disorders such as Behçet disease, or granulomatous 
diseases such as sarcoid-associated myelopathy. 

Oligoclonal bands are not specific to demyelinating disorders because oligoclonal bands can be present in 
autoimmune, paraneoplastic, and infectious or postinfectious neurologic disorders. However, exclusive CSF 
oligoclonal bands in patients with new-onset myelitis and a short lesion in spinal cord MRI are highly 
predictive of conversion to multiple sclerosis. 

The search for infection as a cause of myelitis should be tailored to identify suspected infections based on 
the patient's clinical profile and epidemiologic and medical risk factors. 

Imaging phenotyping in MRI sequences, both in sagittal and axial views, provides a characterization of 
number and topography of lesions, which facilitates the identification of different types of myelopathies. 
Contrast-enhancing spinal cord lesions should be validated against noncontrasted Ti-weighted images to 
exclude intrinsic T1 hyperintensities, such as those caused by blood products, fat accumulation, or residual 
lesions. 

CT techniques help assess extraaxial spinal lesions, compression produced by epidural hematomas, 
abscesses, ossification of the posterior longitudinal ligament and ligamentum flavum, disk calcifications, 
hypertrophy of facet joints, and marginal osteophytes. 

Rather than relying solely on MRI or CSF findings, the clinician should integrate into a coherent diagnostic 
framework (ie, the diagnostic equation) all elements of the clinical history and epidemiologic and risk factor 
information with those of laboratory testing, biomarkers, and neuroimaging to achieve a precise diagnosis. 
Vascular myelopathies comprise two subgroups of spinal cord disorders: those with acute ischemic injury 
produced by spinal cord strokes and another with chronic evolving vascular malformations such as dural 
arteriovenous fistulas and arteriovenous malformations. 

Clinical predictors for acute ischemic spinal cord stroke diagnosis include a hyperacute temporal profile, 
new onset of back pain, flaccid weakness, and extensive longitudinal lesions on MRI. 

Clinical predictors of a diagnosis of chronic vascular myelopathies such as dural arteriovenous fistula and 
arteriovenous malformation include older age, male sex, chronic evolution of symptoms, bladder or bowel 
dysfunction, worsening symptoms with exercise, flaccid weakness, and involvement of the conus 
medullaris. 
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ARTICLE 2: TRAUMATIC SPINAL CORD 
INJURY 


Saef Izzy, MD. Continuum (Minneap Minn). February 2024; 30 (1 Spinal Cord 
Disorders):53-72. 


ABSTRACT 


OBJECTIVE: 

This article provides a review of the initial clinical and radiologic evaluation and treatment of 
patients with traumatic spinal cord injuries. It specifically highlights essential knowledge for 
neurologists who encounter patients with these complex injuries. 


LATEST DEVELOPMENTS: 

There has been improvement in the care of patients with traumatic spinal cord injuries, 
particularly in the prehospital evaluation, approach for immediate immobilization, standardized 
spinal clearance, efficient triage, and transportation of appropriate patients to traumatic spinal 
cord injury specialized centers. Advancements in spinal instrumentation have improved the 
surgical management of spinal fractures and the ability to manage patients with spinal 
mechanical instability. The clinical evidence favors performing early surgical decompression and 
spine stabilization within 24hours of traumatic spinal cord injuries, regardless of the severity or 
location of the injury. There is no evidence that supports the use of neuroprotective treatments 
to improve outcomes in patients with traumatic spinal cord injuries. The administration of 
high-dose methylprednisolone, which is associated with significant systemic adverse effects, is 
strongly discouraged. Early and delayed mortality rates continue to be high in patients with 
traumatic spinal cord injuries, and survivors often confront substantial long-term physical and 
functional impairments. Whereas the exploration of neuroregenerative approaches, such as 
stem cell transplantation, is underway, these methods remain largely investigational. Further 
research is still necessary to advance the functional recovery of patients with traumatic spinal 
cord injuries. 


ESSENTIAL POINTS: 

Traumatic spinal cord injury is a complex and devastating condition that leads to long-term 
neurologic deficits with profound physical, social, and vocational implications, resulting in a 
diminished quality of life, particularly for severely affected patients. The initial management of 
traumatic spinal cord injuries demands comprehensive interdisciplinary care to address the 
potentially catastrophic multisystem effects. Ongoing endeavors are focused on optimizing and 
customizing initial management approaches and developing effective therapies for 
neuroprotection and neuroregeneration to enhance long-term functional recovery. 


KEY POINTS 

Motor vehicle accidents, followed by falls, are the most common causes of traumatic spinal cord injuries. 
The cervical spine is the most commonly injured spinal cord region, accounting for 50% of traumatic spinal 
cord injuries, and is associated with higher rates of morbidity and mortality especially in older adults. 

e Patients with traumatic spinal cord injuries experience higher mortality rates compared with the general 
population. 

e Vertebral fracture and dislocation, direct impact resulting in spinal cord compression, and spinal cord 
laceration or transection are the primary mechanisms of traumatic injury to the spinal cord. 
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Early recognition of traumatic spinal cord injuries is crucial, and the main therapeutic focus in traumatic spinal 
cord injury is the avoidance or correction of secondary injuries, especially hypoxia and hypoperfusion. 
When spinal injury is suspected, immediate spinal immobilization is important to maintain spinal stability and 
prevent secondary spinal cord injuries. 

Neurologists can be crucial for refined neurologic assessment of the level of traumatic spinal cord injury and 
severity of motor and sensory deficits as well as for the management of acute and chronic complications. 
The American Spinal Injury Association Impairment Scale is recommended as the preferred method for 
standardizing the neurologic examination of patients with traumatic spinal cord injuries and assessing the 
severity of the injuries. 

The severity of neurologic impairment in traumatic spinal cord injuries can be exaggerated initially by 
temporary spinal shock, cord swelling, and systemic complications. 

The American Spinal Injury Association Impairment Scale grade holds significant prognostic implications for 
traumatic spinal cord injury outcomes. 

There are specific spinal cord syndromes that can be seen in patients with incomplete traumatic spinal cord 
injuries such as central cord syndrome, Brown-Séquard syndrome, and anterior cord syndrome. 
High-cervical traumatic spinal cord injury commonly presents with respiratory failure due to loss of 
diaphragmatic function. 

Spinal shock is transient and typically associated with absent reflexes (including bulbocavernosus), urinary 
retention, and bladder distension. 

As a consequence of cervical and upper thoracic traumatic spinal cord injuries, neurogenic shock may 
manifest with refractory hypotension and bradycardia that are challenging to manage. 

Determining the need for radiologic assessment of the spine after a traumatic event relies on factors such as 
the patient’s mental status, the presence of neck or back pain, and the capacity to conduct a reliable 
physical examination. 

In patients who have had traumatic spinal cord injuries, high-quality CT is the preferred initial imaging 
modality to characterize vertebral fractures. 

MRI can reliably show the extent of spinal cord compression and signs of compressive epidural and 
intramedullary hematomas and can also help exclude ligamentous injury within the first 48hours after 
traumatic spinal cord injuries. 

In patients who have had traumatic spinal cord injuries, the Memphis criteria are useful to identify those at 
high risk for blunt cerebrovascular injury, and the Biffl scale (also referred to as the Denver scale) is helpful to 
classify the severity of blunt cerebrovascular injury and predict the risk of ischemic stroke. 

When mechanical ventilation is deemed necessary after traumatic spinal cord injury, orotracheal intubation 
combined with standard in-line cervical or video or fiberoptic laryngoscopy should not be delayed. 

In cervical traumatic spinal cord injuries, patients often require an extended duration of mechanical 
ventilation, but most patients can be successfully liberated from the ventilator. 

In patients with persistent respiratory failure, early tracheostomy may reduce ventilator-associated 
pneumonia, shorten intensive care unit length of stay, and decrease laryngotracheal complications. 
Hypotension is associated with poor neurologic outcomes in patients with traumatic spinal cord injuries, and 
augmenting mean arterial pressure in the initial phase after injuries can improve functional outcomes. 

In patients with traumatic spinal cord injuries above T6, phenylephrine should be used with caution because 
of the potential risk of reflex bradycardia. 

Patients with traumatic spinal cord injuries are at higher risk of developing venous thromboembolism in the 
first 8weeks after injury, secondary to vasomotor tone loss, venous stasis, and limited mobility. 
Administration of thromboprophylaxis using low-molecular-weight heparin within 72h of a traumatic spinal 
cord injury is currently recommended by the Paralyzed Veterans of America to minimize the occurrence of 
venous thromboembolism once there is no evidence of bleeding. 

Administration of high-dose steroids has been discouraged because of its associated adverse effects in 
patients with traumatic spinal cord injuries. 
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e There is no evidence supporting the use of pharmacologic or nonpharmacologic interventions for 
neuroprotection in patients with traumatic spinal cord injuries. 

e Emergent operative intervention should be considered for patients with traumatic spinal cord injuries whose 
neurologic function declines in the presence of mass effect or mass lesion. 

e The optimal timing of surgery for traumatic spinal cord injuries has not been conclusively established; 
however, prospective cohort studies suggest early surgery (within 24hours) to achieve definitive cord 
decompression and spine stabilization may be beneficial. 

e Neurologists play a crucial role in identifying and addressing various complications that occur after traumatic 
spinal cord injuries, including autonomic dysreflexia, difficulty swallowing, muscle stiffness, pain, problems 
controlling sphincter muscles, and mood disorders. 

e Rehabilitation efforts for patients with traumatic spinal cord injuries should start as soon as the patient is 
clinically stable and should be individualized to achieve the patient’s fullest physical, emotional, social, 
vocational, and functional recovery. 

e Early engagement with physical therapy specialists is recommended for patients with traumatic spinal cord 
injury to improve muscle retention and minimize deconditioning. Physical therapy sessions should occur at 
least once per day and last for at least 20minutes per session. 

e Patients with traumatic spinal cord injuries located at T6 or higher commonly experience autonomic 
dysreflexia, a delayed complication that can trigger episodes of sudden and severe hypertension. 
Mortality is highest in the first 6 to 12months after traumatic spinal cord injuries. 

The primary factors for prognostic assessment of traumatic spinal cord injuries include the American Spinal 
Injury Association Impairment Scale grade of severity, the level of the injury, and the cord’s radiologic 
appearance on spinal MRI. 


ARTICLE 3: STRUCTURAL 
MYELOPATHIES 


Ligia V. Onofrei, MD. Continuum (Minneap Minn). February 2024; 30 (1 Spinal Cord 
Disorders):73-98. 


ABSTRACT 


OBJECTIVE: 

This article illustrates the clinical importance, diagnosis, and management of degenerative and 
nondegenerative structural myelopathies. It also aims to create a diagnostic approach for the 
evaluation of patients with suspected degenerative myelopathies. 


LATEST DEVELOPMENTS: 

There is considerable interest in developing diagnostic methods that can assist in deciding if 
surgery is indicated in patients with structural myelopathy and the optimal timing for surgery. 
Diffusion tensor imaging has emerged as a promising imaging modality although it is not used 
routinely in clinical practice. Neuroprotective medications and interventions are being studied in 
patients with degenerative myelopathies. 


ESSENTIAL POINTS: 

Structural myelopathies and particularly degenerative myelopathies are common disorders that 
are routinely encountered in clinical practice, with symptoms that frequently overlap with other 
neurologic disorders. The prompt diagnosis and treatment of patients are essential in achieving 
good functional outcomes. 
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KEY POINTS 


Degenerative myelopathies are characterized by clinical symptoms of spinal cord dysfunction due to 
compression of the spine. 

Among structural myelopathies, degenerative cervical myelopathies are the most common and are caused by 
an accumulation of degenerative abnormalities. 

Chronic compression of the spinal cord results in hypoxic and ischemic changes that ultimately cause 
apoptosis of neurons and oligodendrocytes. 

Approximately 40% of patients with degenerative cervical myelopathy have superimposed radiculopathy. 
Characteristic symptoms of dexterity abnormalities in the setting of myelopathy include difficulties with 
buttoning shirts, manipulating eating utensils, and grasping zippers. 

Sensory abnormalities are common in degenerative cervical myelopathy but typically are mild and have a 
nonspecific, glovelike pattern. 

Proprioception deficits are prominent in patients with degenerative cervical myelopathy, leading to gait 
impairment. 

Urinary symptoms are infrequent on initial presentation of degenerative cervical myelopathy and, when 
present, suggest advanced myelopathy and poor prognosis. 

Hand weakness and atrophy are characteristic findings in degenerative cervical myelopathy regardless of the 
level of maximal compression. 

Hyperreflexia is a frequent finding but is not present in all patients with degenerative myelopathy. 

Gait abnormalities are an important diagnostic clue for degenerative cervical myelopathy and range from 
mild subjective difficulties to severe ataxia requiring ambulatory gait aids. 

MRI is the imaging modality of choice when degenerative myelopathies are suspected. 

The most common imaging abnormality seen in patients with degenerative cervical myelopathy is 
compression of the spinal cord with or without T2 or fluid-attenuated inversion recovery (FLAIR) 
hyperintensity. 

Patients with degenerative cervical myelopathy may develop enhancement on MRI with a characteristic 
“pancakelike” pattern of enhancement below the level of compression. 

Diffusion tensor imaging has been shown to correlate with disease severity. Further standardization and 
research are needed to optimize its use clinically. 

Four x-ray views (anteroposterior, lateral, flexion, and extension) should be obtained routinely in patients 
with degenerative cervical myelopathy to assess alignment and screen for spondylolisthesis. 

CT myelography is a good diagnostic alternative when MRI cannot be performed or if metallic artifact is likely 
to be prominent. 

In the workup of patients with degenerative myelopathies, nerve conduction studies and electromyography 
(EMG) are primarily used to exclude a superimposed peripheral neuropathy or mononeuropathy. 

Most patients with degenerative myelopathies will experience a decline, although it is not yet possible to 
predict who will decline and what the rate of progression will be. 

Surgery is the mainstay of treatment for degenerative myelopathies. Conservative therapies are limited and 
highly variable. 

The goal of surgical intervention in patients with degenerative myelopathies is to arrest the progression of 
symptoms. 

Patients with mild degenerative myelopathy may be monitored closely before surgery is considered, 
although some experts recommend surgery at initial diagnosis. 

Surgical decompression is not recommended in patients with spinal cord stenosis without clinical 
myelopathy symptoms. 

The benefit of surgery in the prevention of spinal cord injury due to minor trauma in patients with 
asymptomatic degenerative spinal cord compression is not proven. 

Future directions in degenerative myelopathy treatment include refining the use of diffusion tensor imaging 
and investigating neuroprotective treatments. 
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e Hirayama disease typically presents with a juvenile onset of painless weakness in C7- to T1-innervated hand 
and forearm muscles. 

e Hirayama disease usually progresses for 3 to 5years from onset, which is typically followed by a spontaneous 
arrest of the disease. 
Patients with Hirayama disease are treated with immobilization (cervical collar to limit flexion) or surgery. 
Spinal arachnoid cysts are typically found in the thoracic spine, presenting with typical symptoms for 
thoracic myelopathy. 
Spinal arachnoid cysts typically have a characteristic scalpel sign on imaging. 
In the workup of a syrinx, it is imperative to carefully investigate all potential areas of obstruction including 
tumors, Chiari malformations, and arachnoid webs. 

e The management of syringomyelia is highly individualized and based on clinical presentation, etiology of the 
syrinx, imaging findings, and serial assessments. 
Idiopathic spinal cord herniation is a rare cause of thoracic myelopathy. 
Amyotrophic lateral sclerosis (ALS) may have a presentation similar to degenerative cervical myelopathy. A 
careful physical examination and use of electrodiagnostic studies are key in clinically differentiating the two 
disorders. 

e The presence of widespread fasciculations, especially of the trunk, is highly suggestive of ALS rather than 
degenerative cervical myelopathy. 


ARTICLE 4: SPINAL CORD NEOPLASMS 


J. Ricardo McFaline-Figueroa, MD, PhD. Continuum (Minneap Minn). February 2024; 30 
(1 Spinal Cord Disorders):99-118. 


ABSTRACT 


OBJECTIVE: 

This article discusses the diagnostic approach to patients with suspected neoplasms of the 
spinal cord and reviews the most common primary and metastatic spinal neoplasms and their 
presentations. 


LATEST DEVELOPMENTS: 

Neoplasms of the spinal cord are rare entities that can involve the spinal cord parenchyma, the 
dura and leptomeninges, or the extradural space. The most common intramedullary spinal cord 
neoplasms are primary spinal cord tumors, including ependymomas, pilocytic astrocytomas, and 
diffuse midline gliomas. The most common primary neoplasms of the spine are intradural 
extramedullary spinal meningiomas, whereas primary neoplasms of the leptomeninges are rare. 
Advances in molecular characterization of spinal cord tumors and recent clinical trials of these 
rare entities are expanding the repertoire of systemic therapy options for primary spinal cord 
neoplasms. Metastases to the spine most often affect the extradural space. Metastatic epidural 
spinal cord compression is a neurologic emergency that requires a rapid, multidisciplinary 
response to preserve neurologic function. 


ESSENTIAL POINTS: 


Neurologists should understand the diagnostic approach to neoplasms of the spinal cord. 
Knowledge of the most common spinal cord neoplasms will allow for appropriate management 
and optimal patient care. 


KEY POINTS 
e Neoplasms of the spinal cord typically present with subacute back pain, myelopathy, or radiculopathy. 
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All patients with a history of cancer and new-onset back pain should be screened for spinal metastases, 
regardless of neurologic examination findings. 

For patients with cancer, treating neurologists should review risk factors for spinal metastases, such as the 
precise cancer diagnosis, current status of disease, prior and current treatments, and important 
comorbidities, such as chemotherapy-induced peripheral neuropathy. 

Physicians must always consider the differential diagnosis of spinal mass lesions, including nononcologic 
etiologies and cancer treatment-related myelopathies. 

Multiple lumbar punctures increase the sensitivity of conventional cytology for detecting leptomeningeal 
neoplasms. 

CSF analysis for cell surface markers and circulating tumor DNA for disease-specific variants may improve 
the sensitivity of leptomeningeal tumor detection. 

Ependymomas are the most common primary intramedullary neoplasms of the spinal cord. 
Neurofibromatosis type 2 is an inherited cancer predisposition syndrome associated with spinal 
ependymomas, spinal meningiomas, and spinal schwannomas. 

MYCN gene amplification defines an aggressive subtype of spinal ependymoma: MYCN-amplified spinal 
ependymoma. 

Diffuse midline gliomas involve the midline structures of the neuraxis, including the bilateral thalami, the 
brainstem (particularly the pons), and the spinal cord. 

Variations in H3K27 define an aggressive form of diffuse midline glioma: diffuse midline glioma, H3K27-altered. 
von Hippel-Lindau disease is an inherited cancer predisposition syndrome associated with spinal hemangioblastomas. 
Rarely IDH-wildtype glioblastomas, [DH-mutant astrocytomas, and IDH-mutant 1p/19-codeleted 
oligodendrogliomas can involve the spine, usually as metastasis from intracranial disease. 

Diffuse leptomeningeal glioneuronal tumors and diffuse or circumscribed meningeal melanocytic neoplasms 
are primary neoplasms of the intracranial and spinal leptomeninges. 

Spinal meningiomas are the most common benign primary neoplasms of the spinal cord. 

Solitary fibrous tumors can involve the spinal meninges as well as the intraabdominal and intrathoracic 
membranes and organs. 

Schwannomatosis typically occurs in the setting of neurofibromatosis type 2 or germline inactivation of the 
genes SMARCBI or LZTRI. 

Neurofibromatosis type 1is an inherited cancer predisposition disorder that is associated with cutaneous and 
nerve neurofibromas, including paraspinal neurofibromas of the nerve roots. 

Extradural metastases from systemic cancer are the most common spinal cord neoplasms. 

Metastases from hematologic malignancies can involve the cerebrospinal fluid, leptomeninges, and 
intramedullary spinal cord, in addition to the extradural space. 

Diffuse large B-cell lymphoma is the most common subtype of lymphoma to affect the spine, both as primary 
and secondary central nervous system lymphoma. 

Epidural spinal cord compression is a neurologic emergency and requires an interdisciplinary approach 
involving neurology, spinal surgery, radiation oncology, and medical oncology. 


ARTICLE 5: GENETIC MYELOPATHIES 


Kara Stavros, MD, FAAN. Continuum (Minneap Minn). February 2024; 30 (1 Spinal Cord 
Disorders):119-132. 


ABSTRACT 


This article provides an overview of genetic myelopathies, a diverse group of inherited, 
degenerative conditions that may be broadly categorized as motor neuron disorders, disorders 
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of spinocerebellar degeneration, leukodystrophies, and hereditary spastic paraplegia. Clinical 
examples from each category are provided to illustrate the spectrum of genetic myelopathies 
and their distinguishing features that aid in differentiating genetic myelopathies from potentially 
treatable acquired causes of myelopathy. 


LATEST DEVELOPMENTS: 

Advances in genetic testing have vastly enhanced current knowledge of genetic myelopathies 
and the ability to diagnose and provide appropriate counseling to patients and their families. 
However, potential health care disparities in access to genetic testing is a topic that must be 
further explored. Although treatment for most of these conditions is typically supportive, there 
have been recent therapeutic breakthroughs in treatments for amyotrophic lateral sclerosis, 
spinal muscular atrophy, and Friedreich ataxia. 


ESSENTIAL POINTS: 

Genetic myelopathies may present with chronic and progressive symptoms, a family history of 
similar symptoms, and involvement of other structures outside of the spinal cord. Imaging often 
shows spinal cord atrophy, but cord signal change is rare. Exclusion of reversible causes of 
myelopathy is a key step in the diagnosis. There are many different causes of genetic 
myelopathies, and in some cases, symptoms may overlap, which underscores the utility of 
genetic testing in confirming the precise underlying neurologic condition. 


KEY POINTS 

e Genetic myelopathies often manifest with other systemic signs or symptoms associated with the 
myelopathy, and these may be clues to the diagnosis. 

e Onneurologic history, suspicion for genetic myelopathy may be raised if there is a slow progression of 
symptoms and a family history of similar symptoms. However, a negative family history does not exclude a 
genetic cause. 

e Evaluation for a genetic myelopathy should always include testing to rule out potentially reversible causes of 
myelopathy. 

In genetic myelopathies, MRI of the spine most commonly shows spinal cord atrophy without signal change. 
Barriers to access to genetic testing exist, including cost, location, lack of awareness, and distrust. 
Genetic testing should be performed by a physician with expertise in counseling patients and their families, 
and coordination of care with a medical geneticist may be beneficial. 

e The hereditary spastic paraplegia inheritance pattern may be autosomal dominant, autosomal recessive, or 
X-linked, with significant genotypic and phenotypic heterogeneity. 

e The most common genetic variation implicated in inherited forms of amyotrophic lateral sclerosis is in the 
C9orf72 gene. 

e Presymptomatic genetic testing for amyotrophic lateral sclerosis in a patient with a known family history 
should be undertaken with caution and with reference to available practice principles. 

e Several disease-modifying medications with novel mechanisms of action for the treatment of spinal muscular 
atrophy have become integrated into routine practice and are demonstrating improved patient outcomes. 

e Hallmark clinical features of spinal bulbar muscular atrophy (Kennedy disease) include limb and bulbar 
weakness, atrophy, facial fasciculations, and gynecomastia. 

e Workup for adrenomyeloneuropathy may include testing of adrenal function, evaluation for elevation in very 
long chain fatty acids in the serum, and genetic testing for pathogenic variants in the ABCD! gene on the X 
chromosome. 

e  Friedreich ataxia presents with symptoms of ataxia, neuropathy, and upper motor neuron signs. Patients are 
at risk for cardiomyopathy and must undergo cardiac evaluation. 
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ARTICLE 6: INFECTIOUS MYELOPATHIES 


Anita M. Fletcher, MD; Shamik Bhattacharyya, MD, FAAN. Continuum (Minneap Minn). 
February 2024; 30 (1 Spinal Cord Disorders):133-159. 


ABSTRACT 


OBJECTIVE: 

Infectious myelopathy of any stage and etiology carries the potential for significant morbidity 
and mortality. This article details the clinical presentation, risk factors, and key diagnostic 
components of infectious myelopathies with the goal of improving the recognition of these 
disorders and guiding subsequent management. 


LATEST DEVELOPMENTS: 

Despite our era of advanced multimodal imaging and laboratory diagnostic technology, a 
causative organism often remains unidentified in suspected infectious and parainfectious 
myelopathy cases. To improve diagnostic capability, newer technologies such as metagenomics 
are being harnessed to develop diagnostic assays with a greater breadth of data from each 
specimen and improvements in infection identification. Conventional assays have been 
optimized for improved sensitivity and specificity. 


ESSENTIAL POINTS: 

Prompt recognition and treatment of infectious myelopathy decreases morbidity and mortality. 
The key diagnostic tools include serologies, CSF analysis, and imaging; however clinical 
presentation, epidemiologic risk factors, and history of recent illness are all vital to making the 
proper diagnosis because current laboratory and imaging modalities are often inconclusive. The 
cornerstone of recommended treatment is targeted antimicrobials with appropriate immune 
modulation, surgical intervention, supportive care, and interdisciplinary involvement, all of 
which further improve outcomes for patients with infectious myelopathy. 


KEY POINTS 

e Staphylococcus aureus is the most common cause of pyogenic vertebral osteomyelitis. 

e Risk factors for vertebral osteomyelitis include older age, history of cancer or immunosuppression, diabetes, 
recent surgical intervention, and IV drug use. 

e Neurosyphilis can present with meningitis, stroke, gait and balance dysfunction, loss of vibratory sensation, 
and bladder dysfunction. 

e CSF Venereal Disease Research Laboratory (VDRL) has specificity greater than 99% but low sensitivity for 
neurosyphilis. 

e Patients with positive treponemal serology, CSF inflammation, and symptoms of neurosyphilis should receive 
treatment with penicillin G. 

e Patients with evidence of neurologic disease consistent with Lyme disease and have had plausible exposure 
to ticks infected with Borrelia burgdorferi should be tested for Lyme disease. 

e The serologic diagnosis of Lyme disease includes standard or modified two-tiered testing usually consisting 
of a screening test followed by a confirmatory test (either Western blot or second immunoassay). 

e Xpert MTB/RIF Ultra assay is assay recommended by the World Health Organization for suspected M. 
tuberculosis. 

e Acute flaccid myelitis occurs more often in children than adults and presents with weakness, decreased 
muscle stretch reflexes, and hypotonicity after viral or gastrointestinal illness. 

e West Nile virus IgM in serum can remain positive for months to years. Paired acute and convalescent plasma 
IgM and IgG antibodies can be used to establish acute infection. 
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e Neuroinvasive West Nile virus may present with encephalitis, parkinsonian features, and acute flaccid 
myelitis. 

e Japanese encephalitis virus causes an estimated 50,000 to 175,000 symptomatic human infections per year 
and is the most common vaccine-preventable cause of encephalitis in Asia. Rare cases of myelitis or acute 
flaccid myelitis have been reported in endemic areas. 

e  Inchikungunya-associated myelopathy, MRI of the spinal cord shows multiple punctate and T2 longitudinal 
hyperintense lesions with associated T1 contrast enhancement, primarily in the peripheral regions of the 
spinal cord. 

e A diagnosis of human T-cell lymphotropic virus type 1 (HTLV-1)-associated myelopathy, also known as 
tropical spastic paraparesis, requires positive HTLV-1/2 ELISA and confirmatory HTLV-1 Western blot. 

e Detection of herpes simplex virus 1 (HSV-1) and herpes simplex virus 2 (HSV-2) DNA by polymerase chain 
reaction is the gold standard method for diagnosing HSV infection. 

VZV myelopathy is not always preceded by herpes zoster. 
HSV-2, varicella-zoster virus, and cytomegalovirus (CMV) can present with a painful lumbosacral radiculitis 
and myelitis known as Elsberg syndrome. 

e VZV polymerase chain reaction on CSF has low sensitivity; therefore, testing for IgG antibodies in CSF is 
recommended. The CSF VZV antibody index reveals intrathecal synthesis of VZV-specific IgG. 

CMV myelitis should be considered in patients with CD4* counts less than 100 cells/mm* and myelopathy. 
Longitudinally extensive myelitis is the most frequently reported myelopathy associated with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). 

e CSF in patients with fungal infections characteristically shows an elevated opening pressure and protein 
concentration with lymphocytic pleocytosis and hypoglycorrhachia. 

e Galactomannan antigen testing detects Aspergillus in immunocompromised patients with serum and CSF 
sensitivity of 88% and specificity of 96%. Piperacillin-tazobactam therapy, concomitant bacterial infection, 
blood transfusion, and dialysis can result in a false positive test. 

e The most common clinical presentations of spinal neurocysticercosis are focal motor deficits, radicular pain, 
and sensory deficits from spinal subarachnoid lesions. Myelopathy may occur with rarer spinal cord lesions. 

e Inpatients with neurocysticercosis, therapy for intramedullary cysts and cysts in the spinal subarachnoid 
space is surgical resection, albendazole, and steroids when edema is present. 

e In areas with endemic schistosomiasis, up to 5% of myelopathy cases have been attributed to infection with 
this parasite. 


ARTICLE 7: VASCULAR MYELOPATHIES 


Ashutosh P. Jadhav, MD, PhD, FAAN, FSVIN, FAHA. Continuum (Minneap Minn). 
February 2024; 30 (1 Spinal Cord Disorders):160-179. 


ABSTRACT 


OBJECTIVE: 

Vascular injuries of the spinal cord are less common than those involving the brain; however, 
they can be equally devastating. This article discusses the diagnosis and management of 
ischemic and hemorrhagic vascular disorders of the spinal cord. 


LATEST DEVELOPMENTS: 

Clinical suspicion remains the mainstay for recognizing vascular myelopathies, yet diagnoses are 
often delayed and challenging in part because of their rarity and atypical manifestations. 
Noninvasive imaging such as CT and MRI continues to improve in spatial resolution and diagnostic 
precision; however, catheter-based spinal angiography remains the gold standard for defining 
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the spinal angioarchitecture. In addition to hemorrhagic and ischemic disease, the contribution 
of venous dysfunction is increasingly appreciated and informs treatment strategies in conditions 
such as intracranial hypotension. 


ESSENTIAL POINTS: 

Vascular disorders of the spine manifest in variable and often atypical ways, which may lead to 
delayed diagnosis. Increased awareness of these conditions is critical for early recognition and 
treatment. The goal of treatment is to minimize long-term morbidity and mortality. 


KEY POINTS 

e The vascular supply to the spinal cord can be variable among individual patients, with resultant heterogeneity 
in clinical deficits after ischemia. 
Pain at onset may occur in the setting of spinal cord ischemia in a third of patients. 
MRI findings such as anterior horn T2 hyperintensity, known as the owl eyes or pencil sign, or restricted 
diffusion on diffusion-weighted imaging can be highly supportive of a spinal cord infarct diagnosis. 

e Care after a spinal cord infarction should include the prevention of complications related to immobility, such 
as deep vein thrombosis prophylaxis and prevention of pressure ulcers. 

e Recovery after a spinal cord infarction is more favorable in patients with spontaneous infarction and less 
severe injury on presentation. 

e Spontaneous hemorrhage of the spine should prompt a thorough evaluation for a responsible vascular lesion, 
including a catheter-based spinal angiography. 

e Spinal arteriovenous malformations are rare vascular anomalies that may manifest with hemorrhage and 
require early treatment to prevent rerupture. 

e Cavernous malformations of the spine may be incidental or minimally symptomatic. When associated with 
clinical deficits, they may require resection to prevent repeat hemorrhaging or alleviate mass effect. 

e Spinal dural arteriovenous fistulas are the most common type of spinal vascular anomaly, accounting for 70% 
of vascular lesions. 

e Spinal dural arteriovenous fistulas typically manifest with signs of myelopathy and cord edema progressing 
over weeks to months or even years before a diagnosis is made. Progression or worsening of symptoms after 
a course of corticosteroids from a presumed inflammatory myelopathy should prompt catheter-based 
angiography to assess for an underlying spinal dural arteriovenous fistula. 

e Given the variable vascular supply to the spinal cord, comprehensive catheter-based angiography to 
evaluate for a vascular lesion should include interrogation of all potential supplying vessels, including the 
vertebral arteries, subclavian artery branches, aortic arch branches, and iliac arteries. 


ARTICLE 8: IMMUNE-MEDIATED 
MYELOPATHIES 


Michael Levy, MD, PhD, FAAN. Continuum (Minneap Minn). February 2024; 30 (1 Spinal 
Cord Disorders):180-198. 


ABSTRACT 


OBJECTIVE: 

Immune-mediated myelopathies are conditions in which the immune system attacks the spinal 
cord. This article describes the distinguishing characteristics of immune-mediated myelopathies 
and treatment strategies for patients affected by these disorders. 
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LATEST DEVELOPMENTS: 

New biomarkers, such as aquaporin 4 and myelin oligodendrocyte glycoprotein antibodies, in 
the blood and spinal fluid have led to the identification of antigen-specific immune-mediated 
myelopathies and approved therapies to prevent disease progression. 


ESSENTIAL POINTS: 

The first step in the diagnosis of an immune-mediated myelopathy is confirming that the immune 
system is the cause of the attack by excluding non-immune-mediated causes. The second step is to 
narrow the differential diagnosis based on objective biomarkers such as serology and MRI patterns. 
The third step is to treat the specific immune-mediated myelopathy by using evidence-based medicine. 


KEY POINTS 
e The four major clues in the diagnosis of immune-mediated myelopathies are the time course of disease, 
spinal fluid analysis, MRI features, and serology. 
Neuromyelitis optica spectrum disorder is associated with a positive serologic test for the aquaporin 4 antibody. 
Spinal cord injury after attacks of neuromyelitis optica spectrum disorder is usually severe, and recovery is often poor. 
In patients with neuromyelitis optica spectrum disorder, preventive treatment with immunosuppressive 
medications is key to preventing attack-related neurologic disability. 
e Among children with demyelinating disease, myelin oligodendrocyte glycoprotein (MOG) antibody disease is 
especially prevalent and commonly presents with acute disseminated encephalomyelitis (ADEM). 
e Spinal cord attacks in MOG antibody disease can present with severe symptoms and disability, but patients 
generally recover well over time. 
e The criteria for MOG antibody disease depends on the MOG antibody titer level; high-titer positive MOG 
antibody tests confer a diagnosis of MOG antibody disease. 
e Seronegative relapsing inflammatory myelitis likely includes a mix of different conditions that have yet to be 
specifically defined. 
Broad-spectrum immunosuppression can be useful in preventing relapses of seronegative relapsing inflammatory myelitis. 
Monophasic idiopathic inflammatory myelitis is a one-time immunologic event that leads to spinal cord injury. 
A link between inflammatory myelitis and vaccines has been speculated but not confirmed. 


Neurosarcoidosis in the spinal cord should be suspected in cases with MRI lesions that are persistently 

enhancing over a long period. 

e Steroids are often sufficient to treat neurosarcoidosis of the spinal cord, but newer treatments, such as anti- 
tumor necrosis factor medications, are available. 

e The differential diagnosis of immune-mediated myelopathies can be narrowed by workup that uses imaging, 

serology, spinal fluid analysis, and sometimes histopathology. 


ARTICLE 9: METABOLIC AND TOXIC 
MYELOPATHIES 


Kathryn B. Holroyd, MD; Aaron L. Berkowitz, MD, PhD, FAAN. Continuum (Minneap 
Minn). February 2024; 30 (1 Spinal Cord Disorders):199-223. 


ABSTRACT 


OBJECTIVE: 

This article reviews the clinical presentation, diagnostic evaluation, and treatment of metabolic 
and toxic myelopathies resulting from nutritional deficiencies, environmental and dietary toxins, 
drugs of abuse, systemic medical illnesses, and oncologic treatments. 
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LATEST DEVELOPMENTS: 

Increased use of bariatric surgery for obesity has led to higher incidences of deficiencies in 
nutrients such as vitamin B,. and copper, which can cause subacute combined degeneration. 
Myelopathies secondary to dietary toxins including konzo and lathyrism are likely to become 
more prevalent in the setting of climate change leading to drought and flooding. Although 
modern advances in radiation therapy techniques have reduced the incidence of radiation 
myelopathy, patients with cancer are living longer due to improved treatments and may require 
reirradiation that can increase the risk of this condition. Immune checkpoint inhibitors are 
increasingly used for the treatment of cancer and are associated with a wide variety of 
immune-mediated neurologic syndromes including myelitis. 


ESSENTIAL POINTS: 

Metabolic and toxic causes should be considered in the diagnosis of myelopathy in patients with 
particular clinical syndromes, risk factors, and neuroimaging findings. Some of these conditions 
may be reversible if identified and treated early, requiring careful history, examination, and 
laboratory and radiologic evaluation for prompt diagnosis. 


KEY POINTS 

e The most common causes of vitamin B, deficiency include inadequate intake (vegan diet), autoimmune 
disease (pernicious anemia), malabsorption (gastric bypass, gastric or ileal resection, inflammatory bowel 
disease, intestinal lymphoma, chronic pancreatitis), and medications (proton pump inhibitors and 
metformin). 

e Vitamin B,2 deficiency is associated with subacute combined degeneration, a condition affecting the 
posterolateral spinal cord (ie, dorsal columns and corticospinal tracts). 

e Peripheral neuropathy occurs in 15% to 30% of patients with vitamin B,. deficiency and may be concurrent 
with subacute combined degeneration, causing a myeloneuropathy with both upper and lower motor neuron 
signs on examination. 

e Vitamin B,2 deficiency can cause macrocytic anemia, although up to 25% of individuals with vitamin B42 
deficiency-associated myelopathy will not have a concurrent anemia of any kind. 

e If the serum vitamin Bj, level is between 200pg/mL to 300pg/mL (148pmol/L to 221pmol/L) or if clinical 
suspicion for vitamin B,2 deficiency is high despite a vitamin Bj, level within the laboratory reported normal 
range, serum methylmalonic acid and homocysteine levels should be evaluated. 

e MRI in patients with vitamin B,z deficiency classically demonstrates T2 hyperintensity in the dorsal columns 
spanning multiple levels, with an “inverted V” or “rabbit ears” appearance on axial sections, although MRI 
is normal in 60% to 85% of patients in large case series. 

e Patients with neurologic manifestations of vitamin B,z2 deficiency should be treated with IM vitamin B42 1000 ug 
1 to 3 times weekly for 2weeks, or until serum level surpasses 300pg/mL, followed by 1000ug monthly. 

e Nitrous oxide myelopathy can present subacutely in patients who chronically abuse nitrous oxide but may 
also occur acutely after a single exposure (recreational or in the context of anesthesia) in patients with 
preexisting vitamin B,. deficiency. 

e The most common causes of folate deficiency include inadequate dietary intake (eg, primarily grain-based 
and meat-based diets, alcohol use disorder), increased folate requirement (pregnancy, sickle cell disease, 
hematologic malignancies), and impaired absorption (bariatric surgery, inflammatory bowel disease). 

e Although folate deficiency is often defined as less than 3ng/mL, up to 5% of healthy, asymptomatic 
individuals may have serum folate below this level, so low serum folate does not confirm folate deficiency as 
the cause of neurologic symptoms. 

e Treatment of folate deficiency myelopathy is oral folate replacement: 5mg of folic acid daily for 4months (or 
until term if related to pregnancy) followed by 1mg daily in patients with normal absorption, or up to 15mg 
to 30mg daily in patients with malabsorption. 

e Conditions that increase the risk of vitamin E deficiency include cystic fibrosis, abetalipoproteinemia, ataxia 
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with vitamin E deficiency, cholestatic and hepatobiliary disorders, inflammatory bowel disease, and surgical 
resection of the small intestine. 

Vitamin E deficiency is a rare cause of a subacute to chronic myelopathy predominantly affecting the dorsal 
columns. 

Oral vitamin E repletion can be used except in cases of severe malabsorption, in which IM or IV vitamin E 
should be considered. The precise dose for repletion varies based on the cause of vitamin E deficiency. 
Conditions predisposing to copper deficiency include parenteral nutrition (without copper 
supplementation), nephrotic syndrome, gastrectomy or gastric bypass surgery (the most common cause in 
the United States), jejunectomy, and Menkes disease (genetic disorder of copper transport). 

Copper deficiency may be caused by excessive zinc intake (eg, oral zinc supplements or zinc-containing 
denture cream) or the medication penicillamine (rarely used to treat rheumatoid arthritis or prevent kidney 
stones). 

Copper deficiency can cause a neurologic presentation indistinguishable from vitamin B,z deficiency: 
subacute combined degeneration of the dorsal columns and corticospinal tracts that may be accompanied 
by peripheral neuropathy. 

MRI of the spine in patients with copper deficiency most commonly demonstrates T2 hyperintensities in the 
posterior columns but may be normal in approximately one-half of cases. 

Konzo is an acute spastic myelopathy caused by cyanide toxicity secondary to ingestion of the bitter cassava 
root. 

Cassava is a dietary staple in parts of Africa and Southeast Asia, and outbreaks of konzo have been reported 
on the African continent. 

Myelopathy in konzo is acute in onset, with symptoms reaching a nadir within hours to days. 

The onset of konzo commonly occurs after physical exertion such as a long walk or manual labor. 

Although konzo is irreversible, it is not progressive after the early period, with initial deficits remaining static 
for up to decades after the inciting event. 

Lathyrism refers to myelopathy caused by chronic ingestion of grass pea (Lathyrus sativus, also known as 
chickling pea), a drought-resistant and flood-resistant legume most often ground to flour. 

Lathyrism is most commonly seen in Southeast Asia and North Africa. 

Lathyrism causes subacute spastic paraparesis evolving over weeks that emerges several months after 
significant dietary consumption of grass pea. 

Heroin-associated myelopathy most commonly occurs in patients with a history of prior chronic extensive 
heroin use who resume heroin consumption after several months of abstinence, although myelopathy may 
occur with chronic use without a period of abstinence or rarely after first-time use. 

Heroin-associated myelopathy is usually transverse (affecting motor, sensory, and sphincter function), 
although dorsal column function is spared in some cases. 

Hepatic myelopathy may occur in patients with cirrhosis leading to portosystemic (portacaval) shunting that 
causes the systemic circulation to bypass the liver. 

Liver transplantation has been reported to lead to significant improvement in hepatic myelopathy and 
appears to be most effective when performed early in the course of the condition. 

Intrathecal chemotherapy can cause arachnoiditis, myelopathy, or both. 

Arachnoiditis due to intrathecal chemotherapy presents within days of administration with lumbosacral 
radiculopathy causing paraplegia, saddle anesthesia, and bowel and bladder incontinence. 

Myelopathy due to intrathecal chemotherapy typically presents weeks to months following initiation of 
treatment, occurring after a median of 17cycles of intrathecal chemotherapy (range, 3 to 36cycles). 

In intrathecal chemotherapy-—associated myelopathy, MRI most commonly demonstrates longitudinally 
extensive T2 hyperintensity in the dorsal columns as is seen in subacute combined degeneration. 
Autoimmune neurologic complications of immune checkpoint inhibitors (ICIs) have been reported to occur in 
1% to 12% of patients treated with these agents, with severe neurologic adverse events in approximately 1%. 
ICl-associated myelitis is relatively uncommon, accounting for 2% to 4.8% of ICl-associated neurologic 
complications. 
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e Concurrent meningitis, encephalitis, radiculitis, or neuropathy (including cranial neuropathy) may accompany 
ICl-associated myelitis. 

e MRI in patients with ICl-associated myelitis most commonly demonstrates longitudinally extensive T2 
hyperintensity of the spinal cord with patchy contrast enhancement, although shorter-segment lesions may 
occur and contrast enhancement may rarely be absent. 

e Some ICl-associated neurologic complications may represent unmasking of an underlying paraneoplastic 
neurologic syndrome. 

e The decision to rechallenge a patient with an ICI after an ICl-associated neurologic toxicity must balance the 
potential oncologic benefit with the risk of triggering further neurologic autoimmunity. 

e The risk of permanent radiation damage to nervous system tissue correlates with the total radiation dosage 
and the dose per fraction of radiation delivered. Whether the volume of spinal cord exposed to radiation 
contributes significantly to the risk of complications (as is the case for the brain) is debated. 

e Early radiation myelopathy is characterized by Lhermitte sign in isolation without other features of 
myelopathy, emerging from 2weeks to 5months (mean, 3months) following completion of radiation therapy. 

e Early radiation myelopathy is typically transient, lasting from less than 1month to up to 22months (mean, 
6months). 

Early radiation myelopathy is not associated with an increased risk of delayed radiation myelopathy. 
Delayed radiation myelopathy can occur in patients in whom the spinal cord is exposed to radiation during 
treatment of cancers of the head and neck (cervical cord) or of the lung, mediastinum, or upper abdomen 
(thoracic cord). 

e MRI in patients with delayed radiation myelopathy demonstrates cord swelling and longitudinally extensive 
T2 hyperintensity and T1 hypointensity that may be central, posterior, or transverse. 


ARTICLE 10: SYMPTOMATIC TREATMENT 
OF MYELOPATHY 


Kathy Chuang, MD. Continuum (Minneap Minn). February 2024; 30 (1 Spinal Cord 
Disorders):224-242. 


ABSTRACT 


OBJECTIVE: 


This article discusses the effects of myelopathy on multiple organ systems and reviews the 
treatment and management of some of these effects. 


LATEST DEVELOPMENTS: 

Recent advances in functional electrical stimulation, epidural spinal cord stimulation, robotics, 
and surgical techniques such as nerve transfer show promise in improving function in patients 
with myelopathy. Ongoing research in stem cell therapy and neurotherapeutic drugs may 
provide further therapeutic avenues in the future. 


ESSENTIAL POINTS: 

Treatment for symptoms of spinal cord injury should be targeted toward patient goals. If nerve 
transfer for upper extremity function is considered, the patient should be evaluated at around 
6months from injury to assess for lower motor neuron involvement and possible time limitations 
of surgery. A patient with injury at or above the T6 level is at risk for autonomic dysreflexia, a 
life-threatening condition that presents with elevated blood pressure and can lead to emergent 
hypertensive crisis. Baclofen withdrawal due to baclofen pump failure or programming errors 
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may also be life-threatening. Proper management of symptoms may help avoid complications 
such as autonomic dysreflexia, renal failure, heterotopic ossification, and fractures. 


KEY POINTS 


Management of spasticity must have a specific goal (eg, contracture prevention, improvement of ambulation 
or reduction of pain). 

Consensus guidelines are available to help guide botulinum toxin dosing for spasticity based on indication 
and the targeted muscle. 

There may be drawbacks to using intrathecal baclofen pumps: complications may arise from placement, the 
pump may be less comfortable in patients with less subcutaneous tissue, and, most importantly, sudden 
discontinuation of intrathecal baclofen can lead to life-threatening baclofen withdrawal, which presents as 
hyperthermia, altered mental status, muscle rigidity, seizures, and multiorgan failure. 

Nerve transfer for management of weakness in patients with spinal cord injury may have a time window; if the 
anterior horn cell or its axon is injured, the neuromuscular junction degrades over time because of a lack 
of innervation, causing nerve transfer outcomes to decline after 12 to 15months after injury. 

Patients with cervical myelopathy should be evaluated around 6months from injury if they have less than 
antigravity elbow extension, finger flexion or extension, or wrist extension for the option of nerve transfer 
and to determine whether there is lower motor neuron injury, and thus, a time window for transfer. 

In general, reasonable expectations of nerve transfer are antigravity strength in the recipient muscle about 
18months after surgery. 

Unlike nerve transfers, tendon transfers do not have a time window and are usually pursued in the chronic 
phase after improvement plateaus. 

Recently, epidural spinal stimulation has garnered interest in patients with spinal cord injuries because it has 
shown promise in improving ambulation, even in patients with chronic complete spinal cord injuries. 

The speed of ambulation with existing robotic exoskeletons remains much slower than community 
ambulation speeds, including the speed needed to cross a road. 

Orthostatic hypotension and autonomic dysreflexia may occur with injuries above the T6 level. 

The main side effect of medications used to treat orthostatic hypotension in spinal cord injury patients (eg, 
midodrine, fludrocortisone, droxidopa, pyridostigmine ergotamine) is supine hypertension, so administration 
of these medications should be monitored closely with frequent blood pressure measurements. 

The hypertensive crisis resulting from intrathecal baclofen withdrawal could lead to cerebral hemorrhage, 
seizures, pulmonary edema, left ventricular dysfunction or myocardial infarction, retinal detachment, and 
death. 

Patients with a spinal cord injury above the T7 level have frequent constipation with significant defecatory 
difficulty and infrequent incontinence. 

Patients with spinal cord injury below T7 with voluntary control of abdominal muscles and preserved sacral 
reflexes have frequent constipation, significant defecatory difficulty, and infrequent incontinence. 
Patients with spinal cord injury below T7 with voluntary control of abdominal muscles and absent sacral 
reflexes have frequent constipation with less difficulty with defecation and more incontinence. 

Patients with injuries above the S1 level have detrusor overactivity and detrusor (striated) sphincter 
dyssynergia, wherein coordination between detrusor activity and sphincter relaxation is impaired, which in 
turn results in high voiding pressures, high residual urine volume, and urinary incontinence. 

Patients with injuries above the S1 level have large, flaccid bladders with nonrelaxing smooth and striated 
sphincters, with some fixed tone, that are not under voluntary control. 

Clean intermittent catheterization is the method of choice for management of neurogenic bladder because it 
has the lowest risk of infection or other complications. 

Patients with spinal cord injuries are prone to develop frailty fractures; they have twice the fracture risk of 
unaffected individuals and a 23-fold higher risk of femoral fractures, specifically. 

Heterotopic ossification generally presents as reduced range of motion of the joint and may be associated 
with pain. 
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